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LeUod  Stanford,  Jr.^ 


LETTER 

FROM 

THE  SECRETARY   OF  WAR, 

TRANSMnriNG, 

WITH  A  UBTTTEB  FBOK  THE  CHIEF  OF  OBBNANCE,  A  COPY  OF 
A  BBPOBT  OF  THE  TESTS  OF  IBON  AND  STEEIj  AND  OTHER 
HATSBIAI«  FOB  INDUSTBIAL  FUBP0SE8  AT  THE  WATEBTOWK 
AB8EHAL. 


War  Depabtment, 
Washingtoj},,  Jamuiry  28^  1903. 
Sk:  I  have  the  honor  to  transmit  herewith  a  letter  dated  January 
24  instant,  from  the  Chief  of  Ordnance,  U.  S.  Army,  together  with  a 
copy  of  the  report  of  the  conunanding  officer  at  Watertown  Arsenal, 
of  "  tests  of  iron  and  steel  and  other  material  for  industrial  purposes," 
made  at  that  arsenal  during  the  fiscal  year  ended  June  30,  1902. 
Very  respectfully, 

Elihu  Root,  Secretary  of  War, 
The  Speaker  of  the  House  of  Representatives. 


^  Office  of  the  Chief  of  Ordnance  U.  S.  Army, 

r  Washington^  January  2^^  1903, 

^         Sir:  I  have  the  honor  to  submit,  for  transmission  to  Congress  as 
f^      required  by  law,  a  copy  of  the  report  of  the  commanding  officer, 
^      Watertown  Arsenal,  of  ^^ tests  of  iron  and  steel  and  other  material  for 
industrial  purposes,"  made  at  the  Arsenal  during  the  fiscal  year  ended 
June  30,  1902,  which  has  just  been  received  at  this  office. 
Respectfully, 

William  Crozier, 
Brigadier' General^  Chief  of  Ordnance^ 
The  Secretary  of  War. 
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4  TESTS   OF   METALS   AND   OTHEB   MATERIALS,  1902. 

Watebtown  Absenal, 
Watertowriy  Mass.j  January  SO,  190S^ 
Sib:  I  have  the  honor  to  submit  herewith  the  annual  report  of  tests 
of  iron  and  steel  and  other  materials  made  at  this  arsenal  during  tlie 
fiscal  year  ending  June  30,  1902. 

The  total  nunH)er  of  specimens  tested  during  the  year  was  3,650, 
classified  as  follows: 

Gun  specimens 22 

For  Ordnance  Departanent 373 

For  other  Government  departments 24 

Investigative  tests 2,539 

Teets  for  private  parties 692 

Total 3,650 

The  receipts  and  expenditures  were  as  follows: 

Amount  appropriated  for  testing  machine  and  testing  work • $15, 000.  OO 

Received  from  private  parties  during  the  year 550. 20 

Total  received 15,550.20 

Amount  expended  for  services  and  labor 12, 535. 04 

Amount  expended  for  light,  power,  tools,  implements,  and  materials  for 

test 3,001.30 

Deposited  to  credit  of  Treasurer,  United  States 13.86 

Total  expended 15,550.20 

The  tests  for  the  Ordnance  Department  comprise  specimens  from 
the  different  caliber  guns  of  cuiTent  fabrication  and  the  material  for 
carriages  and  for  shot  and  shell.  Forged  steel,  steel  and  iron  castings, 
and  bronze  are  represented  in  this  group  of  material. 

There  were  tests  of  retraction  and  buffer  bracket  hooks,  also  proof 
stresses  applied  to  piston  rods  and  retraction  ropes. 

Hydrostatic  tests  were  made  upon  thin  sections  of  gun  hoops, 
showing  the  strength  of  metal  containing  so-called  streaks  and  cor- 
responding material  which  was  without  streaks. 

in  the  tests  of  rocker  and  track  blocks,  high  compressive  stresses 
were  applied  to  a  cylindrically  faced  block  of  large  radius  of  curvature, 
which  rested  upon  flat  blocks  of  different  kinds  of  metal.  The  con- 
ditions approached  those  present  in  the  cubic  compression  of  metals, 
and  stresses  of  great  intensity  were  endured  before  permanent  defor- 
mation occurred. 

Two  steel  ingots  were  procured  for  investigative  tests,  one  contain- 
ing 3i  per  cent  nickel,  the  other  none.  In  respect  to  other  elements 
they  were  of  similar  composition,  as  nearly  alike  as  practicable  to 
obtain.  A  number  of  illustrations  show  the  appearance  of  these  ingots 
when  cut  apart.  There  are  tensile  tests  on  the  metal  in  the  natural 
state  of  the  ingot,  also  after  heating,  Quenching,  and  annealing,  from 
which  may  be  seen  the  wide  range  in  pnysical  properties  a  given  metal 
may  display.  Under  the  influence  of  repeated  alternate  stresses  sim- 
ilar results  appear,  showing  that  the  endurance  of  the  metal  may  be 
augmented  by  the  same  means  which  increase  the  tensile  strength. 

Endurance  tests  on  different  grades  of  steel  have  shown  that  alter- 
nate tensile  and  compressive  fiber  stresses  as  high  as  50,000  pounds 
per  square  inch  may,  for  a  considerable  time,  be  sustained  by  some  bars. 


TESTS   OF   ICETALS   AND   OTHEB   MATEBIALS,  1902.  6 

Tests  were  made  on  suspender  rods  from  the  New  York  and  Brook- 
lyn Bridge.  The  characteristics  of  those  rods,  which  have  been  in 
service  since  the  construction  of  the  bridge,  are  fully  shown. 

The  investigative  tests  of  cements  have  continued.  A  number  of 
tests  have  been  made  on  cements  exposed  to  low  temperatures  while 
setting.  The  severity  of  the  conditions  attending  these  experiments 
were  ameliorated  over  the  early  tests  on  this  subject.  Initial  periods 
of  setting  at  ordinary  atmospheric  temperatures  preceded  the  interval 
in  cold  storage  at  zero  F.  The  results  indicate  that  low  temperature 
has  a  retarding  influence  of  greater  or  less  degree  on  the  acquisition 
of  strength,  notwithstanding  the  chemical  reactions  may  have  been 
initiated  ana  a  partial  state  of  induration  acquired  under  normal  con- 
ditions of  setting. 

There  were  absorption  determinations  and  tests  on  the  elastic 
properties  of  dry-pressed  and  mud  brick  taken  from  several  parts  of 
the  Kiln,  showing  the  influence  of  exposure  to  different  temperatures 
of  burning,  according  to  their  position  in  the  kiln. 

Transverse  tests  on  Douglas  fir  and  oak  wood  appear  in  the  report; 
also  the  adhesive  resistance  of  lag  screws  and  bolts  in  those  woods  is 
shown.  Observations  on  heat  conductivity  were  carried  on  with  sticks 
of  Douglas  fir  exposed  over  wood  fires,  and  &ial  tests  for  strength 
made  on  the  uncharred  parts. 

Chemical  analyses  were  made  on  the  tested  material. 

Tests  for  private  parties,  as  provided  for  by  law,  have  continued  as 
in  former  years.  A  list  of  the  parties  for  whom  tests  have  been  made 
is  appended  to  the  report. 

Very  respectfully,  your  obedient  servant, 

John  G.  Butler, 
Lieut.  Col, ,  Ordnance  Department^ 

V.  S.  Arrtiy^  Cominanding. 

The  Chief  op  Obdnance  U.  S.  Abmy, 

Washington^  D.  C, 
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75-iaLLIMETEB  MOUKTAIN  GUKS. 
Body. 


13 


No.  7473. 

MiirIcs,Bjf 
jDiameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  len^^,  2''. 


gquMTe         per  inch. 
inch. 

Snoceflrire 
per  inch. 

Peimanent 

set 

Sncoeariye 

permanent 

set. 

Remarks. 

JkmmOs. 
l.OOO 
6,000 
10,000 
20.000 
90,000 
35,000 
40,000 
42,000 
47,000 
4a,  000 
49.000 
60,000 
51,000 

/ 

Tnch. 
O- 
.00010 
.00OS6 
.00070 
.00106 
.00125 
.00145 
.00190 
.00186 
.OOIW 

.ooaoo 

.0O2S0 

.oosio 
ooaao 

Inch. 
0. 

.00010 
.00025 
.00085 
.00085 
.00020 
.00020 
.00005 
.00085 
.00005 
.00010 
.00050 
.00060 
.00080 
.00070 
.00110 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

^ooo     1          ob4m 

9iA  imo      I            -OQ67D 

9r7.ioa 

1           ....... 

I 

1 

General  gummary. 

Tenrile  stren^tli  per  square  inch  of  original  section pounds..  07,100 

HssttclimU  per  fiqaare  inch  of  original  section do...  49,000 

Itonsation  per  inch  after  rupture Inch..      .235 

noDsatioii  per  inch  under  strain  at  elastic  limit do...  .00200 

1i;e£S;tion  in  diameter  at  point  of  rupture do...      .135 

Reduction  in  area,  after  rupture,  percentof  original  section 46.2 

Pwltionof  roptnre IMS  from  neck 

Chsfacter  of  broken  surface silky 

EloDgatkm  of  inch  sections *.19,«'.28» 
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75-MILLIMETEB  MOUNTAIN   GUNS. 

Breechblock. 


No.  7468. 
Marks,  52 
Diameter,  ".605. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elonsation 
per  inch. 

Inch. 
0. 

.00015 
.00035 
.00070 
.00105 
.00145 
.00160 
.00175 
.00195 
.00200 
.00205 
.00240 
.C0275 
.00350 
.00500 
.00600 
.00720 

Successive 
elongation 
per  Inch. 

Inch. 

0. 

.00015 
.00020 
.00035 
.00035 
.00040 
.00015 
.00015 
.00020 
.00005 
.00005 
.00035 
.00085 
.00075 
.00150 
.00100 
.00120 

Permanent 
set. 

Inch. 
0. 

Successive 

permanent 

set. 

Remarks. 

I\mnd9. 
1,000 
5,000 
10.000 
20,000 
30,000 
40.000 
46.000 
50,000 
55.000 
57,000 
58,000 
59,000 
GO.  000 
61.000 
62,000 
63,000 
64.000 
103,900 

Inch. 
0. 

Initial  load. 
Ela«Uc  limit. 

1 

0.                    0. 
0.                    0. 

J 

1 

General  summary. 

Tensile  strength  per  square  inch  of  oriffinal  section pounds..  103,900 

Elastic  limit  per  square  inch  of  original  section do . . .    68. 000 

Elongation  per  incn  after  rupture inch. .       .  225 

Elongation  per  inch  under  strain  at  clastic  limit do. . .    .  00205 

Reduction  in  diameter  at  point  of  rupture do. . .       .  165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 51. 9 

Position  of  rupture ".70  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ^ ".33*,  ".12 


75-MILLIM£T£R   MOUNTAIN   GUNS. 
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Block  Carrier. 


No.  7469. 
Marks  ^^ 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


liSe^r  ,EI«n^««m  SSSSdoS 

Permanent 

set. 

Succearive 

permanent 

set. 

Remarks. 

I\mmds.    \       Inch.             Inch. 
1,000    ,      0.                   0. 
5,000    ;        .00015            .00015 
10  000            s  000^    '         nnfnn 

Inch, 
0. 

0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit 

20.000    1        .00070 
30.000    ,        .00105 
'     4D.0OO    1        .00140 
46.000             .00155 
50.000    '        .00170 

.00085 
.00035 

.00035 
.00015 
.00015 

0. 
0. 

0. 
0. 

54,000    '         .00190    !        .00020 
55.000    1        .00195    1        .00006 
56.000    '        .00450            .00255 
57.000    ,        .00600    1        .00150 
58.000    1        .00670    i        .00070 
59.000    1        .00770            .00100 
60.000    1        .00875            .00105 
61.000    ,        .00950    .        .00075 
95.500    1 

Tensile  strength. 

1 

General  mrnimarif. 

Tewrfle  streps  per  square  inch  of  original  section pounds . .  95, 600 

KlasUc  limit  per  square  inch  of  original  section do. . .  55, 000 

lill«mgat3on  per  inch  after  rupture inch..      .256 

Kkmgation  per  inch  under  strain  at  elastic  limit do. . .  .  00195 

Reduction  in  diameter  at  point  of  rupture do...      .165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 54. 6 

Hwltion  of  rupture '...  1".  10  from  neck 

(*harscter  of  broken  surface v silky 

Ekmgation  of  inch  sections ".33*, 'MS 


TABULATION  OF  TENSION  SPECIMENS  FOR  76'MILLIMETER  R. 

MOUNTAIN  GUNS. 

STEMS  8^  LONG,  "JSOb  DIAMETER. 


F. 


No.  of 
test. 

PDRiUon  in 
gun. 

lioca- 
Uonof 
speci- 
mens. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elonga- 
tion. 

Con- 

trac- 

Uono! 

area. 

Appearance  of 
fracture. 

Remark  H. 

7173 
7468 
7469 

Body 

Breechblock  . 
Block  carrier. 

Middle 

Pounds. 
49,000 
58,000 
55,000 

PaundB. 
97.100 
103,900 
95,500 

Perd. 
28.5 
22.6 
26.6 

Per  a. 
46.2 
51.9 
64.6 

Silky 

Breech  end. 

.  :.5o:;:::::: 

do 

6-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS, 
AND  BREECHBLOCK. 


H.  Doc.  335 2  17 


6-rNCH   R.  F.  GUNS. 

Tube. 
No.  7448. 
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Marks,  «^|^^ 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


lotdiper 
square 
inch. 

Elonsation 
per  inch. 

Sncnessive 
elongation 
per  inch. 

Permanent 

SuccewiTe 

pennanent 

set 

Remarks. 

ANiiidt. 
1.000 
6.000 
10  000 

Inch. 
0. 
.00010 
noncfi 

Inch, 
0. 

.00010 
.00025 
.00025 
.00040 
.00015 
.00015 
.00010 
.00020 
.00030 
.00025 
.00035 
.00095 
.00105 

Inch, 

0. 

0. 

Inch. 
0. 
0. 



Initial  load. 

Elastic  limit 
Tensile  strength. 

ao^ooo  1      .00000 

30.000            .00100 
35,000    ,        .00115 
40,000            .00130 
42,000            .00140 
50.000    1        .00160 
51,000    1        .00190 
62,000             .00215 

1 

0. 

0. 

0. 

0. 

53.000 
54.000 
».000 
98,000 

.00250 
.00345 
.00450 

General  summary. 

Tensile  ftrength  per  flqnare  inch  of  original  section ponnds..  98,000 

£]a.stic  limit  per  square  inch  of  original  section do. ..  60, 000 

Elongation  per  inch  after  ruptnre inch..      .205 

EIoDgmtJon  per  inch  under  strain  at  elastic  limit do. . .  .  00160 

Reduction  in  diameter  at  point  of  rupture do...      .115 

Redaction  in  area  after  rupture,  per  cent  of  original  section 40. 3 

PlKition  of  rupture ".66  from  neck 

Character  of  broken  surface granular  60  percent,  silky  40  per  cent 

Ekmgation  of  inch  sectionB ".29*,  ".12 
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6-INCH   B.   F.  GUNS. 


Tube. 


No.  7449. 
Marks,  Si^f  6^ 
Diameter,  ".606. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


loads  per 
inuare 
inch. 

Eloneation 
per  inch. 

SuocessiTe 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
60.000 
61,000 
62,000 
63,000 
64,000 
65.000 
56.000 
93,250 

Inch. 
0. 

.00010 
00035 
.00070 
.00106 
.00120 
.00135 
.00140 
.00170 
.00175 
.00200 
.00225 
.00815 
.00475 
.00620 

Inch. 
0. 

.00010 
.00025 
.00085 
.00086 
.00015 
.00016 
.00006 
.00030 
.00006 
.00025 
.00025 
.00090 
.00160 
.00146 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

1 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  03,250 

Elastic  limit  per  square  inch  of  original  section do. . .  51 ,  000 

Elongation  per  incn  after  rupture inch..      .145 

Elongation  per  inch  under  strain  at  elastic  limll do...  .00175 

Reduction  in  diameter  at  point  of  rupture do...      .065 

Reduction  in  area  after  rupture,  per  cent  of  original  section 20. 6 

Position  of  rupture l^.OS  from  neck 

Character  of  broken  surface granular,  abeltof  flaky  metal  acnxs  surface 

Elongation  of  inch  sections ; M4,  ".16* 


6-INOH   B.   F.   GUNS. 

Jacket. 

No.  7444. 
Marks,  !,\f8^ 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  S". 
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aqoare 
inch. 

Eloiigation 
per  inch. 

i 

Permanent 
set 

Successive 

permanent 

set. 

Remarkf*. 

1,000 
6,000 
10,000 
20,000 
30,000 
40.000 
46,000 
62,000 
SS.000 
M,000 
66,000 
56,000 

Inch. 
0. 
.000067 
.000267 
.000600 
.000983 
.001267 
.001483 
.001633 
.001700 
.002000 
.002333 

ioossoo 

.004000 
.005000 

InOL 
0. 
.000067 

.000200 
.000333 
.000833 
.000334 
.000166 
.000200 
.000067 
000300 
.000833 
.000967 
.000700 
.001000 

Inch. 
0. 
0. 

Inch, 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

1 

0.               1    0. 
0.                  0. 

., 

67  000 

56.000 

99,680 

General  mimmary. 

TexBsfle strength  per  square  Inch  of  original  section pounds..    99,680 

Elastic  limit  per  square  inch  of  original  section do . . .    58, 000 

EloDgation  per  inch  after  rupture inch..         .20 

Elongmtion  per  inch  under  strain  at  elasticlimit do...  .001700 

Redoctlon  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1  ".4  from  neck 

<liaiacter  of  hioken  surface silky 

Ekmgatlonofinehaecttona ".19.  ".31*,  ".10 
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6-INOH    R.   F.   GUNS. 

Jacket. 


No.  7445 


Marks,  SiVfi^ 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

EloDfation 
per  inch. 

Sacceasire 
eloiupation 
perinch. 

Permanent 
set. 

Sncceflsive 

permanent 

set 

Remarkii. 

Poundi. 
1.000 
5,000 
10,000 
20,000 
30,000 
40,000 
46,000 
61,000 
62,000 
63,000 
64,000 
55,000 
66,000 
91,920 

Inch. 
0. 

.000100 
.000300 
.000633 
.000967 
.001300 
.001500 
.001667 
.003300 
.004600 
.    .006833 
.006833 
.007667 

Inch. 
0. 
.000100 
.000200 
.000833 
.000834 
.000833 
.000200 
.000167 
.001633 
.001300 
.001233 
.000500 
.001334 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

0. 
0. 

0. 
0. 



) 

Tensile  strength. 

General  fummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    91, 920 

Elastic  limit  per  square  inch  of  original  section do. . .    61 ,  000 

Elongation  per  Incn  after  rupture Inch..         .24 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .001667 

Reduction  in  diameter  at  point  of  rupture do. . .       .  174 

Reduction  in  area  after  rupture,  per  cent  of  original  section 62. 2 

Position  of  rupture 1^.41  from  neck 

Character  of  broken  surface sil ky 

Elongation  of  inch  secUons ".14, ''.SS^,  ".20 


6-INCH  B.  F.  GUNS, 

Jacket. 

No.  74C1. 
Marks,  S^5« 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  S/' 
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aquMK 
Inch. 

Elonntion 
per  inch. 

Saccearive 

elongation 

per  inch. 

Permanent 
Bet. 

SnocesBlTe 
8et 

Remarks. 

AnomIc. 

80,000 
40,000 
46,000 
60,000 
66,000 
67.000 
66.000 
69,000 
60,000 
61.000 
62,000 
63,000 
64.000 
97,120 

Inch. 
0. 
.000138 
.000833 
.OOOTOC 
.001067 
.001400 
.001638 
.001783 
.001983 
.002000 
.002083 
.002100 
.006683 
.007167 
.008400 
009033 
.010267 

Inch. 
0. 

.000183 
..OOO&eOO 
.000867 
.000367 
.000633 
.000233 
.000100 

000200 
.000067 
.4J00033 
.000067 
.001633 
.000634 
.001233 
.000633 
.001284 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 



Oeneral  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..    97,120 

Elai4ic  limit  per  square  Inch  of  original  section do. . .    59, 000 

Elongation  per  inch  afler  rupture inch..         .21 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002100 

Beduetion  in  diameter  at  point  of  rupture do...       .174 

Redaction  in  area  after  rupture,  per  cent  of  original  section 62.2 

Position  of  mptore ".  96  from  neck 

Cbazacter  of  broken  surface silky 

JQongation  of  inch  sections ".37*,  ".14,  ".12 


24 


6-INCH   B.  F.  GUNS. 

Hoop. 


No.  7450. 
Marks,  |^?g^2« 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

SaceesBiYe 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60,000 
68,010 
09,000 
60,000 
61.000 
62,000 
63,000 
64,000 
106,800 

Inch. 
0. 

.000183 
.000800 
.000667 
.001000 
.001867 
.001600 
.001733 

.002067 
.006000 
.006833 
.006667 
.007267 
.008333 

Inch4 
0. 

.000138 
.000167 
.000367 
.000883 
.000367 
.000133 
.000233 
.000800 
.000084 
.002933 
.000883 
.000834 
.000600 
.001066 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  108. 800 

Elastic  limit  per  square  inch  of  original  section do. . .    69, 000 

Elongation  per  inch  after  rupture - inch..         .19 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002067 

Reduction  in  diameter  at  point  of  nipture do. . .       .  144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44.6 

Position  of  rupture I'M  from  neck 

Character  of  broken  surface sil  k  y,  cup  shaped 

Elongation  of  inch  aecUons *11,  ^20".26* 


6-INCH    R.   F.   GUNS. 

Breechblock. 
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No.  7447. 
Marks,  ^^ 
Diameter,  ".605. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


•quare 
inch. 

^2?ff^ 

Succearive 
elongation 
per  inch. 

Permanent 
set. 

SucccMiye 

permanent 

set. 

RemarkH 

1.000 
6.000 
10.000 
20.000 
30.000 
40.000 
46,000 
60.000 
51,000 
62.000 
6S.00O 
64.000 
66.000 
66,000 
97.000 

Inch. 

0. 
.00010 
.00085 
.00065 
.00100 
.00135 
.00155 

Inch. 
0. 

.00010 
.00025 
.00030 
.00OS5 
.00085 
.00020 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  fltrength. 

0. 

0. 

.00175    1        .00020 
.00185    j        .00010 
.00960    1        .00765 
.01015            .00065 
.01070            .00065 
.01150            .00060 
.01250            .00100 



1 

1 

1 

1 



General  summary. 

Tensile  strength  per  Rquare  inch  of  original  section pounds..  97,000 

Ela«d€  limit  per  square  inch  of  origi  nal  section do ...  51, 000 

Klonj^tioD  per  inch  after  rupture inch . .       .23 

Klongation  per  inch  under  strain  at  elastic  limit do. ...  001 85 

Reduction  in  diameter  at  point  of  rupture do...      .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43.3 

Pi«ition  of  mptuie    ".8  from  neck 

C^haiacter  of  broken  surjface silky 

EloDgation  of  inch  sections ".32*,  ".14 

TABULATION  OF  TENSION  SPECIMENS  FROM  e-INCII  R.  F.  GUNS, 

STEM8  OF  8F£CIH£N8  PROM  TUBES  AND  BREECHBLOCK  2"  LONG,  ".605  DIAMETER;  PROM 
JACKETS  AND  HOOP  V  LONG,  ".664  DIAMETER. 


No. 
of 
test. 

PosiUon 
in  gun. 

Location 
of  speci- 
mens. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
tfon. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

Remarks. 

7448 
7449 

7444 

Tube... 
....do... 

Jacket.. 

Middle  . 
....do... 

Outside. 
....do... 

Middle . 
....do... 

Middle . 

Poundt. 
50.000 

51,000 

68.000 
51.000 
50.000 
69,000 
51,000 

Pounds. 
98,000 

93.260 

99,680 
91,920 
97,120 
106,800 
97,000 

Percl. 
20.5 

14.5 

20.0 
24.0 
21.0 
19.0 
23.0 

Perd. 
40.3 

20.5 

44.6 
52.2 
52.2 
44.6 
43.3 

Granular,  60  percent; 

silky.  40  per  cent. 
Granular,  a  belt  of 

flaky  metal  across 

surface. 
Silky 

Muzzle  end. 
Do. 

Do. 

Do. 

Breech  end. 

Do. 

7446 

,    7451 

....do... 
...do... 
Hoop... 
Breech- 
block. 

ao 

do 

7450 

1   7447 

Silky,  cup  shaped.... 
Silky.......  .f7. 

10-mCH  STEEL  B.  L  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  AND 
BREECHBLOCKS. 


10-INCH   STEEL    B.   L.   BIFLES. 

Tube. 
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Marks,  2^5 

Diameter,  ".564. 

Sectional  area,  .25  square  inch, 

Grauged  Jength,  3". 


No.  7470. 


Applied 

loads  per    Elongmtion 
square        per  inch, 
inch. 

SnccesBiye 
elongation 
per  Inch. 

Permanent 
iet. 

Succeflriye 

pennanent 

set. 

Remarks. 

PtmndA,          Inch, 
1,000        0. 
5,000    ;      .000133 
10  000           nnnsBS 

Inch. 
0. 
.000133 
.000200 
.000834 
.000333 
.000133 
.000200 
.000134 
.000066 
.000067 
.000600 
.001067 
.002833 
.000333 
.000834 
.000666 

Inch. 
0. 
0. 

Inch, 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

20,000 
30,000 
35,000 

40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
63,000 
90,320 

.000667 
.001000 
.001133 
.001333 
.001467 
.001533 
.001600 
.002100 
.003167 
.006000 
.006333 
.007167 
.007833 

0. 
0. 

0. 
0. 

Oeneral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    90, 320 

Elastic  limit  per  square  inch  of  original  section do . . .    47, 000 

Elongation  per  inch  after  rupture inch . .       .198 

Elongation  per  inch  under  strain  at  elastic  limit do ....  001600 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33.5 

Voa tion  of  rupture ".90  from  nee k 

Character  of  oroken  surface granular  80  per  cent,  flaky  20  per  cent 

'i  of  inch  sections ".14,  ".17,  ".27* 
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lO-INOH   STEEL   B.  L.  RIFLES. 

Jacket. 


No.  7446. 

Marks,  'bTm* 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3." 


Applied 

loaoB  per 

Hquare 

inch. 

Elongation 
per Inch. 

Succc^sidve 
elongation 
per  inch. 

Permanent 
set. 

Inch, 
0. 
0. 

SuccesBlve 

permanent 

get. 

RemarkK. 

POHfldS. 

1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40.000 
42,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
86,800 

Inch. 
0. 
.000100 
.000300 
.000633 
.000967 
.001133 
.001300 
.001367 
.001500 
.003500 
.006000 
.006367 
.007467 
.008233 

Inch. 
0. 
.000100 
.000200 

.000334 
.000166 
.000167 
.000067 
.000133 
.002000 
.002500 
.000367 
.001100 
.000766 

Inch. 
0. 
0. 

Initial  load. . 

ElRAtlc  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section poundes. .    86, 800 

Blastic  limit  per  square  inch  of  original  section do...    44,000 

Elongation  per  inch  after  rupture inch . .         .23 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001500 

Reduction  in  diameter  at  point  of  rupture do. . .       .  144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture ''.9  from  neck 

Character  of  oroken  surface silky 

Elongation  of  inch  sections ".37*.  ".21,  ".11 


10-IKCH   STEEL   B.  L.  BIFLES. 

Jacket. 
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Marks,  S^5 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


No.  7467. 


1     •quare 
inch. 

Elonntion 
per  inch. 

SucoeniTe 

elongation 

perincb. 

Pennanent 
set. 

Inch, 
0. 
0. 

Succemive 

permanent 

set. 

Remarks. 

1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
42,000 
50,000 
57,000 
58,000 
59.000 
60.000 
61,000 
62,000 
92,320 

Inch. 
0. 
.000133 
.000333 
.000667 
.001083 
.001200 
.001400 
.C01467 
.001767 
.002033 
.002267 
.009267 
.010000 
.010938 
.011667 

Jneh. 
0. 
.000133 
.000200 
.000334 
.000366 
.000167 
.000200 
.000067 
.000300 
.000266 
.000234 
.007000 
.000^/33 
.000983 
.000734 

Inch. 
0. 
0. 

Initial  load. 

ElasUc  Umit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  mimmary. 

Temdle  gtrength  per  aqnare  inch  of  original  section pounds..    92,320 

Bastic  limit  per  square  inch  of  original  (section do...    57,000 

Ekmgation  per  inch  after  rupture inch..         .22 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002033 

Reduction  in  diameter  at  point  of  rupture do. . .       .164 

Redaction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Pdeition  of  rupture at  the  middle  of  the  stem 

rhaiacter  of  broken  surface silky 

Ekmgatlon  of  inch  sectioDfl ".14,  *  39»,  ».13 
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10-INCH   STEEL    B.  L.  BIFLE8. 

Hoop. 


No.  7465. 

Mark8/B''^& 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

sqoare 
inch. 

EloneatioD 
per  inch. 

Succcflsivc 

elon^tion 

per  inch. 

Inch. 
0. 
.000133 
.000200 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
30,000 
40,000 
45,000 
50,000 
60,'000 
61,000 
62,000 
63,000 
61,000 
65,000 
101,680 

Inch. 
0. 

.000133 
.000333 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  Umit 
Tentdle  strength. 

.000667 
.001033 
.001367 

.000366 

.001567 
.001700 
.002100 

.000200 
.000133 
.000400 

0. 
0. 

0. 
0. 

.002233 
.Oa')000 
.006067 

.000133' 
.002767 
.noioA7 

.007067    '      .061060 
.007833           .000766 



General  nummary. 

Tensile  strength  per  square  inch  of  original  section I>oiuids. .  101 ,  680 

Elastic  limit  per  square  inch  of  original  section do. . .    60,  OOO 

Elongation  per  incn  after  rupture inch. .         .  20 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002100 

Reduction  in  diameter  at  point  of  rupture do. ..        .  144 

Reduction  In  area  after  rupture,  i>er  cent  of  original  section 44. 6 

Posi  tlon  of  rupture ".96  from  neck 

Character  of  broken  surfat'c silky  60  per  cent,  granular  40  per  cent 

Elongation  of  inch  sections ".U,  ».  17,  ".32» 


10-INCH   STEEL    B.   L.   RIFLES. 

Breechblock. 

No.  7464. 
Marks,  Tm^ 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
G^auged  length,  3." 
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loads  per 

Elongation 
per  mcb. 

Snccearive 
elongation 
per  inch. 

Permanent 
set. 

SucceMdve 

Permanent 

set. 

Remarlts. 

1,000 

5,000 

10,000 

20,000 

90,000 

40.000 

1         46,000 

1         47.000 

InelL 
0. 
.000100 
.000300 
.000667 
.001000 
.001367 
.001600 
.001667 

Inch. 
0. 

.000100 
000200 
!000867 
.000338 
.000867 
.000233 
.000067 
.000066 
.000267 
.001267 
.000800 
.000538 
.000633 

IncfL 
0. 
0. 

Inch. 
0. 
0. 

lulUal  load. 

0. 
.000083 

0. 
.000033 

4K00O    ■        oailXL. 

Elaiitic  limit 

49,000 
50.000 

.002000 
.003267 
.004067 
004600 

51,000 
1         52,000 

>         53,000    1      .MKtiaS 

97.640 

Tensile  strength. 

1 

General  nummary. 

Tensile  strength  per  aqnare  inch  of  original  section poundR. .    97, 640 

Riajttic  limit  per  m uare  inch  of  original  section do. . .    48, 000 

Elongation  per  incn  after  nipturc inch. .        .  187 

Kl«mgation  per  inch  under  strain  at  elastic  limit do. . .  .  001733 

Rrdiiction  in  diameter  at  point  of  rupture do. . .       .101 

Redoction  in  area  after  rupture,  per  cent  of  original  section 33. 5 

Piifldtion  of  mpture 1''.4  from  neck 

Character  of  broken  surface silky  40  per  cent,  fine  granular  60  per  cent;  opened  cracks  in  stem 

in  vicinity  of  place  of  fracture. 
Ekmgatlon  of  inch  sections ".18, '».2ft*,  ".13 


TABULATION  OF  TENSION  SPECIMENS  FROM  10-INCH  STEEL  B.   L. 

RIFLES. 

8TEMS  9*  LONQ,  '.664  DIAMETER. 


No.  of 

lent. 

Position  in 
gun. 

Loca- 
tion of 
speci- 
mena 

ElasUc 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elon. 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

RemarkR. 

Muxzle  end. 

Breech  end. 
Muzzle  end. 
Breech  end. 

7470 
7446 

1 
Tube 

Jacket 

Middle 
...do... 

PomuU. 
47,000 

44,000 
67,000 
60,000 

48,000 

Pounds. 
90,820 

86,800 
92,:«0 
101,680 

97,640 

Perd. 
19.8 

23.0 
22.0 
20.0 

18.7 

Per  a. 
33.6 

44.6 
49.7 
44.6 

33.6 

Granular.  80  per 
cent:   flaky,  20 
per  cent. 

Silky 

74^ 

do 

...do... 

do 

Silky,  60  per  cent; 

granular.  40  per 

cent. 
Silky.  40  per  cent: 

fine  granular,  GO 

per  cent. 

7466 
7464 

Hoop 

Breechblock. 

...do... 
...do... 

H.  Doc.  335- 


12-INCH  STEEL  B.  L  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  AND 

BREECHBLOCKS. 
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12-INCH   STEEL   B.  L.  SIFLBS. 
TOBK. 


87 


I>i«nieter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


No.  7464. 


1  SS* 

/Elongatloii 

SaooeulTe 

elongbtion 

perinch. 

Pennanent 
■et 

SucceviTe 

'      let. 

Rmnarkii. 

1          UOOO 

1       ^ooo 
J      io,ooo 

20,000 
\         30,000 

40.000 
47.000 
48,000 
49.000 

Inch. 
O. 

.000100 
.000000 
.000033 
.000967 
.001133 
.OOU67 
.001€«7 
.001733 
.0017«7 
.001M7 

Inch. 
0. 
.000100 
.000200 
.000838 
.000384 
.000166 
.000234 
.000800 
.000066 
.000084 
.000100 
.000188 
.000400 
.000838 
.000667 
.000733 
.000684 

huh. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  stien^. 

0. 
.000038 

0. 
.000068 

\         53,000                 .0027SS 

\     54.00O          -225S2 

\         9b,000                 -22^ 

\           f^A  cmD                    -  OODlo? 

\   S;?S 

1 

General  mmmary. 

TeiaOe  flfwsfftli  per  Bqnan  Inch  of  original  section ponnds..    89,160 

CXwrticUmit  per  square  inch  of  original  section do...    49,000 

^(AfnUon  per  iDcn  after  ruptore inch..       .177 

EbNwatlon  per  inch  nnder  strain  at  elastic  limit do...  .001767 

Heductioa  in  diameter  at  point  of  rapture do...       .164 

Reduction  in  area  after  ruptnre,  per  cent  of  original  section 49.7 

Pofiitloo  of  rupture *'.76  from  neck 

Character  of  broken  surface sUky 

EtoDgatton  of  inch  iectioDa «'.06,<>'.11,^.36* 
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12-INOH   STEEL   B.  L.  RIFLES. 


Tube. 


Marks,  ^.^ 

Diameter,  ".564. 

Sectional  area^  .25  square  inch. 

Gauged  length,  3". 


No.  7463. 


Applied 

loads  per 

square 

inch. 

perinch. 

Sucoeniye 
elongation 
perinch. 

Permanent 
set. 

SucoessiYe 

permanent 

set 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
36,000 
40,000 
45,000 
47,000 
48,000 
49,000 
50,000 
51,000 
62,000 
68,000 
87,200 

Inch. 
0. 
.000100 
.000900 

.000633 
.001000 
.001167 
.001367 
.001567 
.001667 
.006883 
.007600 
.008338 
.009000 
.010000 
.010738 

Inch. 
0. 

.000100 
.000200 

.000833 
.000367 
.000167 
.000200 
.000200 
.000100 
.005166 
.000767 
.000788 
.000667 
.001000 
.000783 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  nimmary. 

Tensile  strengthper  square  inch  of  original  section pounds..    87,200 

Elastic  limit  per  square  inch  of  original  section do 47,000 

Elongation  per  incn  after  rupture inch..       .233 

Elongation  perinch  under  strain  at  elastic  limit do...  .001667 

Reduction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1''.25  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.26, '.29*.  ".15 


12-INCH   STEEL   B.  L.   BIFLE8. 

Jacket. 


39 


No.  7461. 

Marks,  mtTo 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Graoged  length,  3". 


IcMffiiper 
Moare 
Tnch. 

FomuU. 
1,000 
6,000 
10.000 
20,000 
30.000 
36.000 
40.000 
42,000 
60.000 
61.000 
62,000 
68,000 
64,000 
66,000 
66.000 
96,600 

per  incb. 

BaooeasiTe 
elongation 
per  inch. 

Permanent 
set 

SuccemiYe 

permanent 

Bet 

Remarki«. 

0. 
.000067 

.000267 
.000600 

.000983 
.001100 
.001267 
.001333 
.001667 
.001733 
.001867 
.001967 
.002167 
.002000 
.004667 

Inch. 
0. 

.000067 
000200 
.000333 
.000333 
.000167 
.000167 
.000066 
.000334 
.000066 
.000134 
.000100 
.000200 
.000683 
.001667 

Inch. 
0. 
0. 

Tnch. 
0. 
0. 

Initial  load. 

Ehuitic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  mimmary, 

T<>naile  ■trengtb  per  aqnare  inch  of  original  section pounds. .    93, 600 

Elastic  limit  per  square  inch  of  original  section do . . .    51, 000 

Elongation  per  incn  after  rapture inch..         .17 

Klongation  perinch  under  strain  at  elastic  limit do...  .001733 

Redaction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44.6 

Finritlon  of  rupture ".70  from  necic 

Character  of  broken  surface silky,  trace  of  granulation 

Eloogation  of  inch  sections «. ".09,  Ml,  ".31* 
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12-inch  steel  b.  l.  rifles. 
Jacket. 


No.  7460. 

Marks,  SJtS 

Diameter,  ".504. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaCH  jHjr 

Hquarc 

inch. 

Elongation 
pi'rinoh. 

Inch. 
0. 

.000133 
.000300 
.000667 
.001000 
.001167 
.001367 
.001433 
.001533 
.001700 
.00173:* 
.009333 
.009900 
.010667 
.011367 
.012333 
.012967 

Successive 
elongation 
ytCT  inch. 

Inch. 
0. 
.000133 
.000167 
.000367 
.000333 
.000167 
.000200 
.000066 
.000100 
.000167 
.000033 
.00^600 
.000567 
.000767 
.OOO-'OO 
.000966 
.000634 

Permanent 
sot. 

Inch. 
0. 
0. 

Successive 

permanent 

aet. 

Remarkfl. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
$S,000 
40,000 
42,000 
15.000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
91,920 

Inch. 

Initial  load. 

0. 

0- 

0. 

0. 

Elafitic  limit. 

Tentdlc  atrength. 

General  summary. 

Ten.silc  fttrcnflrth  per  square  inch  of  original  section ponnds. .    91. 920 

Klantic  limit  per  square  inch  of  ori^nal  section do. . .    51, 000 

Klonf^Htion  per  incn  after  rupture inch. .        .  237 

Kli)iij;:ation  per  inch  under  strain  at  elastic  limit do. . .  .  001?33 

Hcduction  in  diamett^r  at  point  of  rupture do. . .       .154 

Krdut'tion  in  area  after  niptu re,  per  cent  of  ori^nal  section 47.2 

I'mllion  of  rupture 1". 40  from  neck 

<  'haractor  of  broken  surface silky 

Elongation  of  inch  sections ".14,  ".35*,  ".22 


12-INCH    STEEL    B.   L.    RIKLKS. 
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Jacket. 


No.  7466. 

Marks,  ^§ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Craaged  length,  .3". 


1  .;^^'^r 

si)iiare 
inch. 

1 

1 

Permanent 
set 

Succesdve 

permanent 

set. 

Inch. 
0. 
0. 

Remarks. 

• 
Initial  load. 

Elastic  limit. 
Tensile  strength. 

,    Potntds. 

'         1,000 

5,000 

10,00*) 

Inch.             Inch. 
0.                     0. 
.000133          .OOOIS) 
.000333           .000200 
.000667    ,      .0003^ 
.OOIOCO          .000333 
.001133          .000133 
.001333          .000200 
.001367           .000031 
.001433          .000066 
.001500          .000067 
.001567          .000067 
.002333          .000766 
.001167    1      .0D18» 
.005100          .000983 
.Oa5667    ,      .000667 
.006767     ,      .001100 

Inch. 
0. 
0. 

,        2i>.000 

1        30,000 

3r>,ooo 

40.000 

0. 

0. 

42,000 
13,000 

0. 

0. 

11.000 

::::::::::::i;:::::;;;::: 

45.000 

1  

46.000 

47,000 

48.000 

49,000 

.50,000 

91.1G0 

1                        '                      i 

General  summary. 

Tensile  streniBrth  per  square  inch  of  original  section ponnds. .    91, 160 

KIa»tic  limit  per  square  inch  of  original  section do. . .    45, 000 

F.IoDgation  per  IncJi  after  rupture inch. .        .  167 

KVmgRtion  per  inch  under  strain  at  elastic  limit do. . .  .  001o(i7 

Reduction  in  diameter  at  pjilnt  of  rupture do. . .        .091 

Ke4hu'ii(»n  in  area  after  rupture.  i>cr  cent  of  original  section 30. 6 

Pmition  iif  rupture 1".2  from  neck 

« 'tuiTHC'ter  <>f  broken  surface granular,  silky  spot  at  the  circumference 

Elongation  of  inch  sections ".17,  «.23*  MO 
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12-INCH   STEEL    B.  L.  BIFLE8. 

Hoop. 


No.  7462. 

Marks,  S^Sf 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Successive 
elongation 
perinch. 

Inch, 
0. 
.000100 
.000200 
.000367 
.000366 
.000334 
.000166 
.000167 
.000333 

.000067 
.000333 
.002833 
.001934 
.000666 
.001167 

Permanent 
net. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
45,000 
60,000 
60,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68.000 
102,800 

JneA. 
0. 

.000100 
.000300 
.000667 
.001033 
.001367 
.001538 
.001700 
.002033 
.002100 
.002167 
.002600 
.005333 
.007267 
.007833 
.009000 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

luiUal  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

6. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  102, 800 

Elastic  limit  per  souare  inch  of  original  section do. . .    63, 000 

Elongation  per  inch  after  rupture inch. .       .  197 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002167 

Reduction  in  diameter  at  point  of  rupture do. . .       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Position  of  rupture 1".22  from  neck 

Character  of  broken  surface silky 

ElongaUon  of  inch  sections : ".11,".23,".25* 


12-inch  steel  b.  l.  biiles. 
Breechblock. 
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Marks,  ftT.i 

DiameteiT,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


No.  7453. 


•qoare 
inch. 

Eloncation 
per  Inch. 

flo^oS  Percent 
perlnch.          "^** 

Successive 

set. 

Remarks. 

Pommda. 
1,000 
5,000 
10,000 
20.000 
90,000 
35.000 
40,000 
50,000 
54.000 
55.000 
66,000 
57.000 
W,000 
69,000 
60,000 
37,200 

Inch. 
0. 
.000138 
.000367 
.000767 
.001133 
.001333 
.OOISOO 
.001988 
.002133 
.002200 
.005833 
.010167 
.011333 
.012167 
.014333 

Inch. 
0. 
.000133 

.000400 
.000366 

000200 
.000167 
.000433 
.000200 
.000067 
.003633 
.001334 
.001166 
.000884 
.002166 

Inch. 
0. 
0. 

Jnch. 
0. 
0. 

Initial  load. 

000088 
.000083 

.000083 
0. 

Elastic  limit. 

Tensile  strength. 

General  mimmary. 

Tensile  strength  per  square  inch  of  original  section pounds . .    87, 200 

Elastic  limit  per  square  inch  of  original  section do...    56,000 

Kkmgation  per  inch  after  rupture Inch..       .227 

KloDgation  per  inch  under  strain  at  elastic  limit do. . .  .  002200 

Ki^Qction  in  diameter  at  point  of  rupture do. . .       .  1C4 

Redoctian  in  area  after  rupture,  per  cent  of  original  section 41. 9 

PoAtion  of  rapture 1  ".25  from  ne<!k 

Chsrseter  of  broken  surface «Ilky 

EUmgation  of  inch  sections ".24,  ".32»  ".12 


TABULATION  OF  TENSION  SPECIMENS   FROM  l^-INCH  STEEL  B.  L. 

RIFLES, 

STEMS  3"  LONG,  ^564  DIAMETER. 


No. 
of  test. 

Position  in 
gun. 

Location 
of  speci- 
mens. 

Elastic 

limit  per 

square 

fnch. 

Tensile 
strength 

per 
square 

fnch. 

Elon- 
tion. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

Remarks. 

7454 
7463 

7451 

7460 
74C6 

7462 
7463 

Tube 

do 

Jacket 

do 

do 

Hoop 

Outside. 
Middle . 
Outside. 

Middle . 
....do... 

....do... 

Poufuh. 
49,000 
47,000 
51,000 

51,000 
45.000 

68,000 
66,000 

P&ufuh. 
89,160 
87,200 
93,600 

91,920 
91,160 

102,800 
87,200 

Pa-cL 
17.7 
23.8 
17.0 

23.7 
16.7 

19.7 
22.7 

Perd. 
49.7 
44.6 
44.6 

47.2 
80.6 

49.7 
41.9 

Silky 

Breech  end. 

Muzzle  end. 

Do. 

Do. 
Do. 

Do. 
Do. 

silky,  trace'of' 
granulation. 

Silky 

Granular,  silky 
spot  at    cir- 
cumference. 

Sllkv 

Breechblock. 

....do... 

."..Jo:::::::::: 

16-INCH  STEEL  B.  L.  RIFLE. 


SPECIMEN  FROM  FORGING  FROM  WATERVLIET 

ARSENAL. 
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16-LNCH   STEEL    B.   L.   RIFLE. 

No.  7442. 
16"  Rifle  Forging. 
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Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  1". 


sqoftre 
iiM-h. 

In  gauged  length. 

Remarks. 

Elonga- 
tioi?. 

Set. 

P&mntU. 
1,000 
5.000 
10,000 
20,000 
90,000 
40,000 
dO,000 
60,000 

Inch, 

0. 
.0001 
.0002 
.0004 
.0008 
.0011 
.OOIS 
.0016 
.0018 
.0020 
.0023 
.0024 
.0026 
.0090 
.0032 

am 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate,  not  well  defined. 

Tensile  strength. 

0. 

1        65.000 

1        70.000 

80  000 

1        8S,  OOO 

f 

83  000 

»1.000 

85,000 

86,000 

87.000              .0038 

M8.000              .0040 

89,000              .0042 

90.000    1          .0047 
91,000    ,          .OOU 

.0013 

92.000    1          .0067 

94.000    '          .0062 
96,000              .0072 

9H,000    1          .0081 

100.  OOO    1          .0091 

;     102,000  1       .0101 

104,000    1          -0112 

j      113,400 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  113, 400 

EUistic  limit  per  square  inch  of  original  section,  approximate do . . .    82, 000 

Eli >ngatlon  per  inch  after  rupture ~ inch . .         .02 

Klongation  per  inch  under  strain  at  elastic  limit do. . .      .  0024 

Ri-fliiction  in  diameter  at  point  of  nipture do. . .       .006 

Reduction  in  area  after  rupture,  per  cent  of  original  section 1.8 

[Niritton  of  rupture 

f 'haracter  of  broken  surface fine  granular,  radiating  from  a  point  in  the  circumference 

Elongation  of  inch  section ".02 
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PISTON    BODS    AND   BETBACTION   ROPES. 


RETRACTION  AND  BUFFER  BRACKET  HOOKS  FOR  lO-INCIl  BARBETTE 

CARRIAGE, 

STEEL   CASTINGS. 
RETRACTION  HCX)K. 

Measurements  for  distortion  of  hook  taken  from  point  of  hook  to 
fixed  block  in  testing  machine. 


Applied 
loads. 

Distortion 
of  hook. 

Applied 
loads. 

DlMtortion  of  hook. 

Pound*. 

Inch. 

Pwindt. 

Inch. 

1,000 

0. 

16,000 

.21 

5,U00 

.03 

17,000 

.25 

10,000 

.10 

18,000 

.28 

1,000 

.02 

19,000 

.32 

15,000 

.19 

20,000 

.38 

1,000 

.06 

1,000 

.22 

BUFFER  BRACKET. 


1,000 

6,000 
10,000 
15,000 

1,000 
16,000 
17,000  I 


.19 
.30 
.11 
.32 


18,000 
19,000 
20,000 
20,000 
20,000 
1,000 


.40 

.43 

.52 

.  57  after  5  minutes. 

.  58  after  10  minutes. 


A  part  of  the  apparent  distortion  of  the  hook  is  attributed  to  the 
partial  shearing  of  the  1-inch  bolts  securing  the  bnicket  to  the  testing 
fixture. 

piston  rods  and  retraction  ropes. 

Piston  Rods. 

PROOF  STRRSSES  APPLIED  TO  PISTON  RODS  FOR  GUN  CARRIAGF-S. 


Tensile 
Description.  ^  8trc»sap- 

!      plied. 

Pound*. 

75-millimctcr  Vicker-Maxim  mountain  gun  carriage l  12, 500 

15-pc)un«ltT  DriggH-Soabury  R.  F.  gun  carriage I  181,9(i6 

5-inch  R.  F.,  B.  L.  rifle  carriiige i  100,000 

K-inch  dLsapiwaring  carriage,  model  1896 |  72,000 

10-inch  disappearing  carriage ■  125, 000 

12-inch  disappearing  carriage 150, 000 

12-inch  barbette  carriage 279, 128 

Wire  Retraction  Ropes. 

PROOF  STRESSES  APPLIED  TO  WIRE  RETRACTION  ROPES  FOR  GUN  CARRIAGE.S. 


Description. 


I 


Tensile 
stress  ap- 
plied. 


i-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  8-inch  disappearing 
carriages 

/g-inch  steel  wire  retmction  roi»es  with  conical  8o<-kets  for  10-inch  diKapix^tiring 
carriages 

1-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  12-inch  dLNappcaring 
carriages 


I\)und*. 
7,080 

8.800 
15,000 


RECOIL   CYLINDER,  12-INCH   MORTAR   CARRIAGE. 
RECOIL  CYLINDER,  12-INCH   MORTAR  CARRIAGE. 

Steel  from  fractured  castiDjg  from  Fort  Preble,  Me. 
Specimen  taken  longitudinally  near  secondary  fracture. 
Gauged  length,  3". 
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No.  of 
test. 

Elastic  limit. 

Ultimate  strength. 

Contrac- 
tion of 
area. 

***'•     1  area. 

Total. 

Per 
square 
inch. 

Total. 

Per 
square 
inch. 

Elongation  in  8 
inches. 

lOlfil 

JiuA. 
0.5M 

Square 
inch, 
0.25 

Pounds. 
7.900 

Pounds. 
29,200 

Pounds. 
16,960 

Pounds. 
67,800 

Inch. 
0.90 

Percent. 
80 

Percent. 
27.4 

ADpearanee  of  fracture oblique;  silky  and  granular  metal  miter  mingled. 

Elongation  of  inch  sections *.26,  ".SS*.  ".27 

DESCRIPTION  OP  FRACTURES  IN  THE   CASTING. 


Prlmitiye  fracture. 


2^.0625  diameter. 

".95 

Secondary  fracture. 

l^.iO 

Location  from  whence 
was  taken  for  tensile 


The  primitive  fracture,  in  the  wall  between  the  main  cylinder  and 
the  auxiliary,  presented  a  granular  appearance,  radiating  from  spongy 
metal  near  the  surface  of  the  bore  of  the  main  cylinder.  The  spongy 
metal  extended  over  a  length  of  18"Tfc,  and  at  its  maximum,  was  ".85 
deep  from  the  surface  of  the  bore,  thus  leaving  about  ".68  thickness 
of  sound  metal  beyond,  at  the  worst  place.  There  were  several  small, 
spongy  spots  in  the  surface  of  the  bore  in  this  vicinity,  ranging  in 
diameter  from  ".01  to  ".02. 

A  secondary  fracture  was  formed  at  the  junction  of  the  two  cylinders, 
extending  inward  from  the  exterior  surface  of  the  casting,  in  depth 
nearly,  but  not  quite,  reaching  the  surface  of  the  bore.  This  fracture 
had  its  origin  at  a  sx>ongy  spot  about  ".35  deep,  on  the  outside  of  the 
casting. 

The  tensile  specimen  was  taken  out  longitudinally  from  the  walls  of 
the  cylinder  adjacent  to  the  secondaiy  fracture. 

H.  Doc.  335 4 
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BEINFOBCING   PLATE,    12-INCH   MOKTAE  CABKIAOE. 
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STEEL  FOR  YOKES 

FROM  THE 

BUREAU  OF  ORDNANCE,  UNITED  STATES  NAVY. 
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steel  fob  yokes. 
Steel  for  Yoees. 
No.  7439. 
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Marks,  m 

Diameter,  ".500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  2". 


mtwre 
iiich. 

ElonsBtioii 
perincli. 

SaeoeniTe 
elongation 
perlnch. 

Fennanent 
set. 

Sncceariye 

permanent 

set. 

Remarks. 

F&mmds. 

1,000 

6.000 

10,000 

20,00U 

ao.ooo 

».000 
36.000 
37.000 
88.000 

ao.ooo 

40.000 
87.660 

Inch. 
0. 

.00010 
.00020 
.00000 
.00106 
.00120 
.00840 
.00886 
.00460 
.00610 
.00666 

Inch. 
0. 

.00010 
.00010 
.00040 
.00046 
.00016 
.00020 
.00046 
.00066 
.00060 
.00066 

Inch. 

0. 

0. 

0. 
0. 

Initial  load. 
ElaHtic  limit. 

Tensile  strength. 

0. 
0. 

0. 
0. 

Oeneral  mmmary. 

f^BsHe  fltrength  per  square  inch  of  original  section pounds..  87,660 

Elastic  limit  per  square  inch  of  original  section do...  36,000 

Elongation  per  inch  after  rupture inch..       .20 

EWmgation  per  inch  under  strain  at  elsatic  limit do. . .  .  00120 

Reduction  in  diameter  at  point  of  rupture do...      .080 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29.1 

Position  of  ruptore I'M  from  neck 

Charscter  of  broken  surface granular  60  per  cent,  silky  40  per  cent 

Elongation  of  inch  sections ".&♦,  ".17 
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Marks,  fn 


STEEL    FOE    YOKES. 

Steel  fob  Yokes. 
No.  7440. 


Diameter,  ".500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elon^tion 
per  inch. 

Snccessive 
elongation 
per  Inch. 

Inch, 
0. 

.00010 
.00010 
.00035 
.00045 
.00016 
.00095 
.00090 
.00126 
.00085 
.00065 
.00085 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

Pmmds. 
1,000 
5,000 
10,000 
20.000 
30,000 
34,000 
35,000 
86,000 
37.000 
38,000 
89,000 
40,000 
80,400 

Inch. 
0. 

.00010 
.00020 
.00065 
.00100 
.00116 
.00210 
.00300 
.00125 
.00510 
.00575 
.00660 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 
Elliptic  limit 

Tensile  strength. 

0. 

0. 

General  dummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  80,400 

Elastic  limit  per  square  inch  of  original  section do. ..  84, 000 

Elongation  per  Inch  after  rupture inch . .      .  085 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  OOlir* 

Reduction  in  diameter  at  po'nt  of  rupture do...      .(MO 

Reduction  In  area  after  ruptiure,  per  cent  of  original  section 15. 3 

Position  of  rupture ".76  from  neck 

Character  of  broken  surface granular,  radiating  from  a  dull,  silky  spot  in  the  circumference 

Elongation  of  inch  sections ".10»,  ".07 


STEEL   FOR    YOKES. 

Steel  for  Yokes. 

No.  7441 
Marks,  m 
Diameter,  ".500. 
Sectional  area,  .196  square  inch. 
Gauged  length,  2". 
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Applied 
loads  per 

moare 

inch. 

Elonsation 
per  Inch. 

SnccessiTe 
elongation 
perlnch. 

Permanent 

set. 

SQccessiye 

permanent 

set. 

Remarlu. 

Pf^muUf, 
1.000 
5,000 
10,000 

Inch, 

0. 
.00010 
.00030 

Inch. 
0. 
.00010 

.oooao 
.osoao 

.00040 
.00016 
.00025 
.00025 
.00425 
.00035 
.00035 
.00065 

Inch. 

8: 

Inch. 

0. 

0. 

InlUal  load. 

20  000               00060 

90,000              .00100 
34,000              .00115 

0.             1      0. 

Elastic  limit. 

35  000               .00140 

1 

36,000 

.00165 
.00590 
.0OG25 
.00660 
.00716 

1 

1        37  000 

3H,000 
'        S9  000 

'      I 

40,000 

1 

1        S5.700 

..    : 1 . : 

Tensile  strength. 

! 

Qeneral  summary. 

Tensile  strength  per  square  inch  of  orielnAl  section pounds..  85,700 

Elastic  limit  per  square  inch  of  original  section do...  84,000 

Elongation  ptfr  inch  after  rupture inch..       .19 

Elongation  per  inch  under  strain  at  elasticlimit do...  .00115 

Reduction  in  diameter  at  point  of  nipture do. . .      .  050 

Ke^lnction  in  area  after  rupture,  per  cent  of  original  section 18.9 

f'lviition  of  rupture ".83  from  neck 

rhaiacterof  broken  surface granular,  60  per  cent;  silky,  40  per  cent 

Eloogatiou  of  inch  sections ".17,  ".21* 
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STEEL   FOB    YOKES. 
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CAST  IRON  AND  PIG  IRONS. 


TENSION  TESTS  AND  CHEMICAL  ANALYSES. 
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0A8T   IBON   AND   PIG    IB0N8. 
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CAST   IBON    AND   PIG    IBONS. 
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CAST   IRON    AND   PIG    IRONS. 
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BRONZE. 


GUN  CARRIAGE  AND  INGOT  METAL. 


H.  Doc.  335 5  «5 


BBONZE. 
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a*r-tC9«0^»0^t*CO, 


BRONZE  FROM  OLD  12-PODNDER  GUNS  IN  STORE 
AT  WATERTOWN  ARSENAL. 


SPECIMENS  FROM  THE  GUNS,  AND  RECAST  METAL 
FROM  THE  SAME. 


BBONZE   FBOM    OLD   12-POUNDER   GUNS. 
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The  metal  from  each  of  three  12-pounder  bronze  guns  in  store  at 
Watertown  Arsenal  were  examined  for  physical  properties,  and  chem- 
ical analyses  of  the  material  were  made. 

For  identification  the  guns  were  marked  1,  2,  and  3.  They  were 
branded  as  follows: 


'  No. 

1 

Legendfu 

Breech. 

Muixle,  in  part. 

1 

H.  N.  Hoopor  A  Co..  No.  345 

1,236  pounds  C.C.  1864. 
1, 286  pounds  T.  J.  R.  1868. 
1, 280  pounds  R.  M.  H.  1864. 

2 

C.  A.  A  Co.,  No.  166 

s 

ReTereCoDDerCo..No.  440 

The  guns  were  cut  into  sections  in  the  lathe  and  longitudinal  seg- 
ments taken  out  by  the  planer,  and  from  the  latter  tensile  specimens 
were  turned  down,  from  which  the  original  properties  of  tne  metal 
were  ascertained.  Subsequently  the  metal  from  each  of  guns  Nos.  1 
and  2  were  remelted  and  cast  into  ingots  in  iron  molds,  from  whence 
tensUe  specimens  were  taken.  Finafly,  metal  from  guns  Nos.  2  and 
3  were  melted,  tin  and  zinc  added,  an^  tensile  specimens  taken  from 
the  ingots  which  these  mixtures  furnished.  Chemical  analyses,  spe- 
cific eravity,  and  hardness  determinations  were  made  on  the  original 
metal  taken  directly  from  the  guns. 

It  appears  that  tne  metal  is  approximately  the  so-called  gun  metal, 
B8, 10,  and  2  mixture  in  the  piece  branded  H.  N.  H.  &  Co. ;  a  90  Cu, 
10  Sn  mixture  in  the  C.  A.  &  Co.  gun,  and  90  Cu,  8  Sn,  2  Zn  mixture 
in  the  R.  C.  Co.  piece.  In  tensile  strength  the  original  metal  from 
the  guns  ranged  oetween  the  limits  of  35,000  and  47,0(X>  pounds  per 
square  inch;  when  recast,  between  32,000  and  43,000  pounds  per  square 
inch,  and  after  the  addition  of  tin  and  zinc,  33,000  to  39,000  tensile 
strength  was  obtained. 

CHEMICAL  ANALYSES. 


So.  ,        ^n^- 

Marks. 

Copper. 

Tin. 

Zinc. 

Iron. 

1...,  Breech 

1...I  Mozsle 

H.  N.  Hooper  ACo 

88.68 
88.85 
W.65 
90.60 
90.90 
90.77 

9.67 
9.40 
9.85 
9.60 
7.60 
7.76 

1.80 
1.76 

Trace. 

Trace. 
1.60 
1.48 

Trace. 
Trace. 

do 

^...1  Breech 

2...1  ICoxxle 

C.  A.  ^Co 

do 

8...  Bieech 

3...  ICoole 

Reyere  Cc^per  Co 

do 
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BROKZE   VBOM   OLD   12-POUNDEB   GUNS. 


SPECIMENS  TAKEN  FROM  LONGITUDINAL  SLICES  FROM  THE   GUJV. 

Gun  No,  1,  Breech  End. 

Diameter,  1".129. 

Sectional  area,  1.00  square  inch. 

(ranged  length,  10". 


Applied 

loadgper 

iquare 

inch. 

Elongation 
per  Inch. 

SuccesBlve 
elongation 
perlnch. 

e™*neni  pennanent 
Bei.        1        ^j 

I 

Remarks. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16.000 
17,000 
18,000 
19,000 
19,000 
39,800 

Inch, 
0. 

.00007 
.00014 
.00021 
.00028 
.00086 
.00042 
.00049 
.00056 
.00062 
.00070 
.00077 
.00066 
.00093 
.00106 
.00122 
.00161 
.00200 
.00420 
.00600 

Inch, 
0. 
.00007 

.00007 
.00007 
.00007 
.00007 
.00007 
.00007 
.00006 
.00007 
.00006 
.00007 
.00006 
.00006 
.00012 
.00017 
.00029 
.00049 
.00220 
.00060 

Inch.            Jneh. 

IniUal  load. 

Elaatic  limit. 
Tensile  strength. 

1 

1 

1 

0.             1     0. 

1 

1 

1 

0.              j      0. 

1 

1 

.00012            .00012 

1 

.00886    1        .00878 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  39,800 

Elastic  limit  per  square  inch  of  original  section do. . .  14, 000 

Elongation  per  inch  after  rupture inch..     .225 

Elongation  perlnch  under  strain  at  elastic  limit do...  .00093 

Reduction  in  diameter  at  point  of  rupture do...      .119 

Reduction  in  area  after  ruptare,  per  cent  of  original  section 19.9 

Character  of  broken  surface uniform,  dull  lavender  yellow 

ElongaUon  of  inch  sections ".21,  ".22,  ".22,  ".23,  ".23,  ".22,  ".28,  ".27*, ".»,  ".20 


bbonzk  from  old  12-pounder  guns. 
Gun  No.  1,  Muzzle  End. 
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Diameter,  I".0O9. 
Sectional  area,    .  800  square  inch. 
Gauged  lengthy  lO". 


Permanent 
set. 

SuocesBfve 

permanent 

set. 

Remarkfi. 

J,Ot»  /     ft 
2.0W   /       .00007 
1,000           .OOOIS 
4,000   '         «wwn 

O. 
.00007 
OOO06 
.00007 
.00009 
.00006 
.00007 
.00008 
.00007 
.00009 
.00006 
.00010 
.OOOOB 
nnoio 

Inch. 

Inch. 

Initial  load. 

Elastic  limit. 
Tenfille  strength. 

&.000 
6.000 
7,000 
8.000 
9.000 
10,000 
11.000 
12,000 
U.0QO 
14,000 
U^OQO 
1(.Q00 
17.000 

19,  m 

41,440 

,00029 
.0003^ 
.00042 
.00060 
.00057 
.00066 
.00072 
.00062 
.00090 

0. 

0. 

0. 

0. 

.00001 

.00001 

.0014&       1             -J5*«i 

.ooao&     1          -oooeo 

.00600      \           -o^ 

nicno       1             -00630 

.00016 

.00014 

.01600 
1 

1             .00670 

.01458 

.0144» 

Oeneral  gummary. 

^^SSJ^rSSS'^K^w'iffl^JSS""".:::::;::::;;::;;::::::::::;:;::::::^^^^^ 

SSSSSttin  aiametcr  •►t  point  of  rupture do...      .159 

«SdiSc5ia\iiaTe«.itfterTuptaie,  per  cent  of  original  flection 29.1 

cisam<?ieT  «»l  t>Tokeii  Burlace uniform,  golden  yellow 

^«2toaof  lAdi  aecUons »88,»;U,*82,«'.81,''.82,*.31.''.33,'».34,".85/'.45,brokein  theneck 
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BRONZE   FROM   OLD   12-POUNDER   OUK8. 

Gun  No.  2,  Breech  End. 


Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


AppUed 

loads  per    Elongation 
square        per  Inch, 
inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounda. 
1,000 
2,000 

Inch. 
0. 
.00007 

Inch. 
0. 

.00007 
.00005 
.00007 
.00007 
.00005 
.00008 
.00006 
.00007 
.00006 
.00007 

.ooocr/ 

.00011 
.00017 
.00023 
.00038 

.00100 
.00130 
.00080 

Inch. 

Inch. 

IniUal  UhuI. 

3,000    1        .00012 

4,000 

6,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11.000 

12,000 

13,000 

HOOO 

15,000 

16.000 

17,000 

18,000 

19,000 

20.000 

20,000 

43,800 

.00019 
.00026 
.00031 
.00089 

.00045 
.00062 
.00060 
.00067 
.00074 
.00083 
.00091 
.00102 
.00119 
.00142 
.00180 
.00280 
.00410 
.00490 

0. 

0. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

.00009 

.00009 

.00420 

.00411 

Oeneral  wmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  43,800 

Elastic  limit  per  square  inch  of  original  section .' do...  14.000 

Elongation  perincn  after  rupture inch..      .312 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00091 

Reduction  in  diameter  at  point  of  nipture do...      .199 

Reduction  in  area  after  rupture,  per  cent  of  original  section 32.1 

Character  of  broken  surface uniform,  lavender  yellow 

Elongation  of  inch  sectiona ^28,  ^29,  ''.SO.  ''.ao  '".81.  ''.82,  ^32.  ''.SI,  .81^  ".88* 


BB017ZE    FBOM    OLD   12-POUNDER   GUNS. 

Gtjn  No.  2,  MuzzLK  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


ApDUed 

loaojiper 

fiqiiaze 

inch. 


Elonsation 
permch. 


SncceniTe 
elongation 
perinch. 


Permanent 

eeL 


BucceBBiYe 

permanent 

Bet. 


Remarkfl. 


1,000 

2,000 

S,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10.000 

11,000 

12,000 

IS,  000 

14,000 

15,000 

10.000 

17.000 

18.000 

19.000 

20,000 

21,000 

22,000 

47,000 


Jneft. 
0. 


.00011 
.00018 
.00024 
.00081 


.00044 
.00061 
.00068 
.00064 

.00072 


.00090 

.00100 
.00115 
.00136 
.•0176 
.)0260 


.006CO 
.01000 


JiuA. 
0. 
.00006 
.00006 
.00007 
.00006 
.00007 
.00007 
.00006 
.00007 
.00007 
.00006 
.00008 
.00008 
.00010 
.00010 
.00015 
.00020 

.oooa 

.00074 
.00140 


.00350 


Inch. 


Inch, 


IniUal  load. 


.00004 


.00278 


.00004 


.00209 


Elastic  limit. 


Tensile  strength. 


Qeneral  ttummary. 

1\nisfle  strength  per  sqnare  inch  of  original  section pounds..  47,000 

Elastic  limit  per  square  inch  of  original  section do. ..  14, 000 

Elongation  per  inch  after  mptore inch..      .407 

Elongation  perinch  under  strain  at  elastic  limit do...  .00090 

Redoction  in  diameter  at  point  of  rupture do...      .179 

Reduction  in  area  after  rupture,  per  cent  of  original  section 82.4 

CbancCerof  broken  surface uniform,  darlc  yellow 

Eloogation  of  inch  sectiona »  41,  ^41,  ".42,  ».40,  ".40,  ".40,  ".40,  ".41,  ".38,  ".44* 
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BRONZE   FROM   OLD   12-POUNDER   GUNS. 

Gun  No.  3,  Breech  End. 


Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Grauged  length,  10". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Succemiye 

elongation 

per  inch. 

Permanent 
set. 

Suooeffiivc 

permanent 

w?t. 

Remarks. 

Pounds. 

1,000 

2,000 

8,000 

4,000 

6.000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

43,070 

Inch. 
0. 
.00006 
.00015 
.00022 
.00029 
.00034 
.00041 
.00049 
.00064 
.00060 
.00067 
.00076 
.00084 
.00100 
.00118 
.00160 
.00220 
.00380 
.00700 
.01200 

Inch. 
0. 
.00008 
.00007 
.00007 
.00007 
.00006 
.00007 
.00008 
.00005 
.00006 
.00007 
.00009 
.00008 
.00016 
.00018 
.00042 
.00060 
.00160 
.00320 
.00600 

Inch. 

Inch. 

Initial  load. 
Elastic  limit 

0. 

0. 

.00001- 

.00003 

.00002+ 

.00080 

.00027 

.01070 

.01040 

: 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  43,070 

Elastic  limit  per  square  inch  of  original  section do...  IS.Oixi 

Elongation  per  incn  after  rupture inch..      .428 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00l)H4 

Reduction  in  diameter  at  point  of  rupture do...      .209 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33.5 

Character  of  broken  surface uniform,  reddish  yellow 

Elongation  of  inch  sections ''.41,".43,».42,'».43,''.51».«'.45/.42,''.43,<40.«38 


bbonze  from  old  12-pounder  guns. 
Gun  No.  3,  Muzzle  End. 
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Diameter^  1".009. 
SectioDal  area,  .800  square  inch. 
Gauged  lengthy  10". 


General  Mimmary, 

Ten4\c 6tT«ivKtli  per  aqtiare  inch  of  original  section pounds.,  a*),  130 

Elastic  limit,  per  BqiMtre  inch  of  original  section do ...  12, 000 

EkiMalloiii>eTincliafterniptiire..........        inch..      .213 

UtninUon  per  Incli  under  iitrain  at  elautic  limit do...  .00081 

fteducttcm  in  diameter  at  point  of  nipture do. . .      .159 

ReAoftkm  in  area  after  rupture,  per  cent  of  original  eection 29. 1 

Charmcter  of  broken  uurtacc reddish  yellow.  Ki^iongy  sjiots 

Ekongation  of  inch  sectiooB ".20,  *.1»,  ".21,  ".19,  ".19,  ".20,  ".20,  ".31*.  ".23,  ".22 
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bronze  from  old  12-pounder  guns. 
Gun  No.  3,  Breech  End. 


Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


Applied 

equare 
inch. 

Elongation 
per  inch. 

Succcjwive 

elongation 

perinch. 

Permanent 
set. 

duccemive 

permanent 

set. 

Remarks. 

Pounds. 

1.000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8.000 

9.000 

10.000 

11,000 

12,000 

18,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

43,070 

Inch. 
0. 
.00006 
.00015 
.00022 
.00029 
.00034 
.00041 
.00049 
.00054 
.00060 
.00067 
.00076 
.00084 
.00100 
.00118 
.00160 
.00220 
.00880 
.00700 
.01200 

Inch. 
0. 
.00006 
.00007 
.00007 
.00007 
.00005 
.00007 
.00008 
.00005 
.00006 
.00007 
.00009 
.00008 
.00016 
.00018 
.00012 
.00060 
.00160 
.00320 
.00500 

Inch. 

Inch. 

Initial  load. 

0. 

0. 

.00001- 

.00003 

.00002+ 

Elaiitie  limit. 

.00090 

.00027 

.01070 

.01040 

Tensile  strength. 

.       1 

General  summary. 

Tensile  strength  per  square  In*  li  of  oi-t^hml  wctJoti „...,,_.. .,..|Mmm"U 

Elastic  limit  per  souare  inch  t  ►f  orini  im  I  wMiion  .... .„,,......*. v'**r" 

Elongation  per  incn  after  mptviro  ....  —  ,.„_... , , ,....—--. , .  Ji  •  ^ 

Elongation  perinch  under  simiii  nt  ehwile  limit  — , ..,„„,,..,—....-  —  ..- 

Reduction  in  diameter  at  p<tiiii  '►f  nipiurt'..... , ,......,.........*.,« •--•- 

Reduction  in  area  after  ruptun',  tK-riniUif  orlKiiial  w?ction .♦-'"*" 

Character  of  broken  surface -^.^ ^,...-.ywf<Jinr 

ElongaUonoflnchsecUona.. «'.ll,''.41l,''.42,^4a,*.fil*,M^.''  t 


i 


i 


mLOKT    TUt 


r>i»lIH^S?T 


^o  ^3».  ar^s^ 
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C,  ADDI- 


3  m 


pounds..  86,880 

do...  14,000 

inch..      .067 

do...      .084 

11.6 

V  i>h  gray,  crystalline  stracture 
».  04, '"'.06,  ".07* 


BBONZE   FBOM    OLD   12-POUNDER   GUNS. 
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The  metal  from  each  of  three  12-pounder  bronze  guns  in  store  at 
Watertown  Arsenal  were  examined  for  physical  properties,  and  chem- 
ical analyses  of  the  material  were  made. 

For  identification  the  guns  were  marked  1,  2,  and  3.  They  were 
branded  as  follows: 


.    1 

LegendM. 

1    ^^-   . 

1                                                     Breech. 

1 

Muzzle,  in  part. 

1,   H.N.Hoopor  AGO.,  No.  345 

1. 235  poundflC.C.  1864. 
1, 286  pounds  T.  J.  R.  1863. 
1. 280  pounds  R.  M.  H.  1864. 

2  1  C.  A.  A  Co.,  No.  166 

8  1  Reroe  Copper  Co.,  No.  440 

The  guna  were  cut  into  sections  in  the  lathe  and  longitudinal  seg- 
ments taken  out  by  the  planer,  and  from  the  latter  tensile  specimens 
were  turned  down^  from  which  the  original  properties  of  tne  metal 
were  ascertained.  Subsequently  the  metal  from  each  of  guns  Nos.  1 
and  2  were  remelted  and  cast  into  ingots  in  iron  molds,  from  whence 
tensile  specimens  were  taken.  Finally,  metal  fi-om  guns  Nos.  2  and 
3  were  melted,  tin  and  zinc  added,  and  tensile  specimens  taken  from 
liie  ingots  which  these  mixtures  furnished.  Chemical  analyses,  spe- 
cific ffrayity ,  and  hardness  determinations  were  made  on  the  original 
metal  taken  directly  from  the  guns. 

It  appears  that  the  metal  is  approximately  the  so-called  gun  metal, 
88,  10,  and  2  mixture  in  the  piece  branded  H.  N.  H.  &  Co. ;  a  90  Cu, 
10  Sn  mixture  in  the  C.  A.  &  Co.  gun,  and  90  Cu,  8  Sn,  2  Zn  mixture 
in  the  K.  C.  Co.  piece.  In  tensile  strength  the  original  metal  from 
the  guns  ranged  oetween  the  limits  of  35,000  and  47,000  pounds  per 
square  inch;  when  recast,  between  32,000  and  43,000  pounds  per  square 
inch,  and  after  the  addition  of  tin  and  zinc,  33,000  to  39,000  tensile 
strength  was  obtained. 

CHEMICAL  ANALYSES. 


'^\  »^- 

Marks. 

Copper. 

Tin. 

Zinc. 

Iron. 

1...,  Breech 

1...I  Mnzsle 

H.  N.  Hooper  &  Co 

88.63 
88.85 
W.65 
90.60 
90.90 
90.77 

9.67 
9.40 
9.36 
9.50 
7.60 
7.76 

1.80 
1.75 

Trace. 

Trace. 
1.60 
1.48 

Trace. 
Trace. 

do....fr. 

2...    Breech 

2...   Mnzsle 

C.  A.  ACo 

do 

8...  Breech 

3...   Mnxxle 

Revere  Copper  Co 

do 
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COPPER  CYLINDERS  FOR  PRESSURE  GAUGES. 
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OOPPEB   CYLINDEBS   FOB   PBE88UBE   GAUGES. 
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Taraoe  Table  fob  Pbessubb   Ctundebs  Fubnished  with  the 
GoLAZ  (Fbench)  Appabatus. 

Cylinden  raodved  from  Frankfoid  Axwiud. 

Mean  dimensions:  Length,  ".5110;  diameter,  ".3140. 


Actnal 

Total  oomprearioDB. 

Mean 

10Ul8 

• 

cor- 

^ 

rected 

pikd. 

1. 

2. 

8. 

4. 

5. 

e. 

7. 

8. 

9. 

io. 

Ua^n. 

ieti. 

Iim»dM. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch, 

Jiun. 

100 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

200 

.0002 

.0002 

.0002 

.0001 

.0001 

.0002 

.0002 

.0002 

.0002 

.0001 

.0002 

.0001 

800 

.OOOB 

.0005 

.0007 

.0006 

.0005 

.0006 

.0002 

.0004 

.0007 

.0002 

.0006 

.0004 

«» 

.ooea 

.0012 

.0019 

.0018 

.0015 

.0008 

.0005 

.0018 

.0014 

.0004 

.0018 

.0011 

500 

.0087 

.0029 

.0086 

.0087 

.0082 

.0011 

.0016 

.0080 

.0024 

.0006 

.0006 

.0024 

OOO 

.0060 

.0061 

.0064 

.0067 

.0049 

.0019 

.0086 

.0047 

.0045 

.0006 

.0042 

.0089 

TOO 

.0077 

.0070 

.0075 

.0081 

.0070 

.0086 

.0066 

.0068 

.0061 

.0006 

.0060 

.0067 

m 

.0102 

.0091 

.0098 

.0100 

.0094 

.0063 

.0074 

.0088 

.0086 

.0007 

.0079 

.0075 

900 

.0122 

.0127 

.0116 

.0126 

.0109 

.0078 

.0096 

.0110 

.0103 

.0008 

.0099 

.0094 

1.000 

.0147 

.0136 

.0140 

.0147 

.0140 

.0103 

.0115 

.0132 

.0128 

.0009 

.0120 

.0114 

1,100 

.0170 

.0163 

.0163 

.0174 

.0156 

.0120 

.0141 

.0166 

.0146 

.0010 

.0140 

.0134 

1.200 

.0191 

.0190 

.0190 

.0196 

.0186 

.0140 

.0165 

.0180 

.0175 

.0011 

.0163 

.0157 

im 

.0220 

.0218 

.0215 

.0223 

.0216 

.0168 

.0190 

.0206 

.0198 

.0012 

.0186 

.0178 

1.400 

.oao 

.0240 

.0243 

.0251 

.0235 

.0189 

.0220 

.0285 

.0220 

.0018 

.0210 

.0002 

U6oa 

.0279 

.0274 

.0270 

.0282 

.0263 

.0214 

.0243 

.0258 

.0266 

.0014 

.0236 

.0227 

l.tiOO 

.0810 

.0900 

.0300 

.0807 

.0296 

.0240 

.0272 

.0288 

.0280 

.0016 

.0261 

.0251 

1,700 

.0896 

0630 

.0330 

.0338 

.0822 

.0267 

.0305 

.0814 

.0810 

.0017 

.0287 

.0277 

1,900 

.0870 

.0363 

.0865 

.0374 

.0390 

.0802 

.0834 

.0846 

.0840 

.0018 

.0316 

.0806 

1.900 

.0402 

.0400 

.0892 

.0400 

.0883 

.0830 

.0866 

.0378 

.0870 

.0019 

.0844 

.0834 

2,000 

.0435 

.0426 

.0426 

.0431 

.0415 

.0841 

.0400 

.0406 

.0404 

.0022 

.0881 

.0869 

2,100 

.0469 

.0462 

.0462 

.0470 

.0457 

.0898 

.0480 

.0441 

.0435 

.0028 

.0404 

.0392 

2,200 

.0601 

.0492 

..  .0490 

.0602 

.0483 

.0427 

.0470 

.0480 

.0471- 

.0026 

.0484 

.0422 

2,900 

.Q&47 

0632 

.0630 

.0644 

.0626 

.0462 

.0600 

.0608 

.0606 

.0029 

.0468 

.0466 

2,400 

.0672 

.0670 

.0664 

.0670 

.0653 

.0491 

.0540 

.0548 

.0640 

.0064 

.0498 

.0485 

2.500 

.0610 

.0606 

0603 

.0610 

.0696 

.0526 

.0570 

.0584 

.0573 

.0040 

.0582 

.0619 

2,«U 

.C645 

.0646 

.0640 

.0647 

.0626 

.0668 

.0610 

.0623 

.0608 

.0058 

.0667 

.0654 

2,700 

.0689 

.0678 

.0671 

.0690 

.0666 

.0605 

.0647 

.0658 

.0646 

.0104 

.0606 

.0591 

2,«0 

.0724 

.0718 

.0714 

.0723 

.0710 

.0644 

.0683 

.0696 

.0686 

.0179 

.0648 

.0634 

2.900 

.0769 

.0765 

.0759 

.0765 

.0739 

.0681 

.0780 

.0737 

.0725 

.0259 

.0692 

.0678 

3.000 

.0S02 

.0798 

.0800 

.0810 

.0790 

.0710 

.0761 

.0779 

.0764 

.0638 

.0735 

.0720 

8.100 

.0640 

.0836 

.0838 

.0841 

.0827 

.0761 

.0810 

.0818 

.0802 

.0425 

.0780 

.0765 

8.300 

.0881 

.0883 

.0877 

.0888 

.0867 

.0796 

.0848 

.0858 

.0844 

.0497 

.0824 

.0809 

8.300 

.0921 

.0917 

.0911 

.0926 

.0906 

.0881 

.0892 

.0898 

.0887 

.0680 

.0867 

.0862 

3.400 

.0068 

.0966 

.0964 

.0967 

.0964 

.0881 

.0933 

.0937 

.0926 

.0662 

.0914 

.0899 

8,500 

.1000 

.1010 

.1000 

.1010 

.0990 

.0925 

.0975 

.0984 

.0970 

.0698 

.0956 

.0941 

S.600 

.1040 

.1046 

.1045 

.1054 

.1036 

.0960 

.1011 

.1084 

.1015 

.0778 

.1002 

.0987 

3.700 

.1076 

.1076 

.1078 

.1090 

.1073 

.1014 

.1066 

.1068 

.1066 

.0860 

.1044 

.1029 

8,800 

.1123 

.1126 

.1124 

.1133 

.1180 

.1047 

.1090 

.1090 

.1096 

.0899 

.1086 

.1071 

8.900 

.1166 

.1180 

.1170 

.1184 

.1160 

.1079 

.1189 

.1145 

.1139 

.0962 

.1181 

.1116 

4.000 

.1204 

.1215 

.1210 

.1215 

.1190 

.1125 

.1172 

.1184 

.1186 

.1000 

.1170 

.1154 

4,100 

.1286 

.1244 

.1239 

.1236 

.1230 

.1170 

.1215 

.1226 

.1224 

.1060 

.1208 

.1192 

4,200 

.1280 

.1279 

.1266 

.1270 

.1270 

.1209 

.1249 

.1254 

.1259 

.1120 

.1246 

.1280 

4.30O 

.1319 

.1330 

.1330 

.1830 

.1320 

.1248 

.1280 

.1289 

.1289 

.1167 

.1290 

.1274 

4,400 

.1370 

.1370 

.1358 

.1361 

.1370 

.1280 

.1885 

.1342 

.1338 

.1205 

.1333 

.1317 

4.500 

.1413 

.1416 

.1396 

.1410 

.1402 

.1325 

.1870 

.1390 

.1375 

.1240 

.1374 

.1858 

4.600 

.1462 

.1450 

.1435 

.1440 

.1424 

.1360 

.1408 

.1430 

.1417 

.1283 

.1410 

.1394 

4,700 

.1498 

.1490 

.1480 

.1490 

.1466 

.1400 

.1449 

.1460 

.1460 

.1348 

.1454 

.1438 

4.80O 

.1681 

.1540 

.1622 

.1630 

.1510 

.1489 

.1490 

.1495 

.1497 

.1395 

.1495 

.1479 

4,900 

.1577 

.1678 

.1568 

.1665 

.1660 

.1480 

.1535 

.1540 

.1664 

.143^ 

.1539 

.1528 

&,000 

.1615 

.1621 

.1592 

.1609 

.1680 

.1630 

.1570 

.1589 

.1685 

.1480 

.1577 

.1660 

5.100 

.1654 

.1665 

.1640 

.1641 

.1626 

.1564 

.1608 

.1623 

.1625 

.1530 

.1618 

.1601 

5.200 

.1896 

.1710 

.1676 

.1688 

.1667 

.1698 

.1660 

.1660 

.1666 

.1678 

.1668 

.1641 

5,300 

.1741 

.1750 

.1720 

.1725 

.1700 

.1634 

.1689 

.1705 

.1698 

.1621 

.1698 

.1681 

5.40O 

.1778 

.1786 

.1769 

.1765 

.1750 

.1673 

.1726 

.1760 

.1750 

.1670 

.1741 

.1724 

5.500 

.1819 

.1888 

.1792 

.ivn 

.r86 

.1710 

.1768 

.1786 

.1789 

.1706 

.1778 

.1760 

5.«00 

.1866 

.1870 

.1889 

.1843 

.1824 

.1766 

.1801 

.1830 

.1828 

.1749 

.1820 

.1802 

5.700 

.1896 

.1910 

.18^6 

.18r»9 

.I860 

.1785 

.1844 

.1868 

.1863 

.1789 

.1857 

.1839 

5.  WO 

.1928 

.1946 

.1916 

.1920 

.1896 

.1830 

.1879 

.1897 

.1905 

.1885 

.1895 

.1877 

5,900 

.1966 

.19n 

.1963 

.1*«1 

.1940 

.1868 

.1918 

.1940 

.1940 

.1873 

.1933 

.1915 

6.000 

.20M 

.2029 

.1989 

.1989 

.19^ 

.1904 

.1958 

.1974 

.1978 

.1910 

.vm 

.1964 

6,100 

.2060 

.2060 

.2028 

.2027 

.2020 

.1945 

.1992 

.2020 

.2011 

.1948 

.2010 

.1991 

6,200 

.2083 

.2089 

.2062 

.2062 

.2048 

.1982 

.2080 

.2049 

.2054 

.1982 

.2044 

.2025 

6.300 

.21I6 

.2128 

.2096 

.2093 

.2081 

.2015 

.2060 

.2081 

.2084 

.2034 

.2079 

.2060 

6.400 

.2144 

.2160 

.2123 

.2123 

.2120 

.2048 

.2090 

.2109 

.2116 

.2068 

.2110 

.2091 

6,500 

.2177 

.2185 

.2166 

.2166 

.2i50 

.2090 

.2126 

.2145 

.2140 

.2105 

.2143 

.2124 

6,000 

.2210 

.2219 

.2184 

.2191 

.2183 

.2118 

.2160 

.2175 

.2174 

.2140 

.2176 

.2156 

6.700 

.2288 

.2251 

.2216 

.2225 

.2210 

.2145 

.2192 

.2203 

.2208 

.2174 

.2206 

.2187 

6,800 

.2270 

.2282 

.2249 

.2261 

.2240 

.2173 

.2-'18 

.2239 

.2238 

.2206 

.2237 

.2218 

6.9Q0 

.2800 

.2815 

.2280 

.2275 

.22^5 

.2198 

.2249 

.2265 

.2270 

.2238 

.2267 

.2248 

7,000 

2329 

.2841 

.2318 

.2304 

.2300 

.2'»30 

.2279 

.2295 

.2297 

.2275 

.2297 

.2278 

7.100 

!2S66 

.2367 

.2346 

.2338 

.2334 

.2266 

.2315 

.2325 

.2330 

.2303 

.2327 

.2808 
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Actual 

Total  compreaBionH. 

Meiui 

loadii 

- 

cor- 

ap- 

1 

rected 

plied. 

1. 

2. 

3. 

4. 

5. 

G. 

7. 

1   8. 

1 

9. 

10. 

Mean. 
Inch. 

sets. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

7,200 

.2884 

.2400 

.2370 

.2378 

.2368 

.2286 

.2341 

.2363 

.2367 

.'2330 

.2357 

.2338 

7,30U 

.2415 

.2425 

.2397 

.2400 

.2389 

.2318 

.2867 

.2385 

.2386 

.2354 

.2384 

.2365 

7,400 

.2438 

.2464 

.2420 

.2426 

.2416 

.2346 

.2396 

.2409 

.2413 

.2384 

.2410 

.2S91 

7.600 

.2462 

.2480 

.2449 

.2450 

.2440 

.2874 

.2420 

.2443 

.2440 

.2414 

.2497 

.2417 

7,600 

.2489 

.2508 

.2476 

.2472 

.2469 

.2398 

.2452 

.2464 

.2466 

.2445 

.2464 

.2444 

7,700 

.2516 

.2529 

.2502 

.2502 

.2492 

.2425 

.2474 

.2487 

.2491 

.2473 

.2489 

.24G9 

7,800 

.2641 

.2650 

.2529 

.2531 

.2516 

.2461 

.2605 

.2615 

.2511 

.'2496 

.2614 

.2494 

7,900 

.2667 

.2573 

.2552 

.2550 

.2642 

.2477 

.2630 

.'2535 

.2533 

.2520 

.2638 

.2518 

8,000 

.2690 

.2595 

.2677 

.2576 

.2561 

.2503 

.2651 

.2569 

.2561 

.2651 

.2662 

,2541 

8.100 

.2611 

.2622 

.2595 

.2600 

.2684 

.2525 

.2674 

.2585 

.2584 

.2670 

.2586 

.2564 

8,200 

.2633 

.2649 

.2619 

.2621 

.2610 

.2545 

.2595 

.2609 

.2605 

.2590 

.2608 

.2587 

8,300 

.26M 

.2675 

.2&12 

.2644 

.2630 

.2674 

.2623 

.2631 

.2690 

.2616 

.2632 

.2611 

8,400 

.2675 

.2695 

.2665 

.2666 

.2662 

.2597 

.2653 

.26M 

.2663 

.2644 

.2665 

.26a4 

8,500 

.2697 

.2716 

.2686 

.'2689 

.2675 

.2620 

.2668 

.2676 

.2683 

.2665 

.2678 

.2657 

8,600 

.2719 

.27*4 

.2709 

.2710 

.2700 

.2641 

.2687 

.2696 

.2703 

.2689 

.2699 

.2678 

8,700 

.2740 

.2750 

.2736 

.2726 

.2720 

.2660 

.2710 

.2715 

.2722 

.2714 

.2719 

.2698 

8,800 

.2760 

.2770 

.2752 

.2744 

.2740 

.2683 

.2729 

.2737 

.2745 

.2734 

.2739 

.'J71H 

8,900 

.2777 

.2792 

.2770 

.2765 

.2755 

.2708 

.2749 

.2756 

.2764 

.2761 

.2760 

.^TA* 

9,000 

.2796 

.2813 

.2793 

.2782 

.2777 

.2729 

.2774 

.2780 

.2782 

.2776 

.2780 

.2759 

9,100 

.2817 

.2831 

.2811 

.2809 

-.2800 

.2760 

.2790 

.2800 

.2804 

.2796 

.2801 

.2780 

9.200 

.283-4 

.2851 

.2832 

.2828 

.2818 

.2768 

.2810 

.•28'23 

.2822 

.2818 

.2820 

.2799 

9,300 

.2852 

.2871 

.2849 

.2844 

.2838 

.2787 

.2823 

.2847 

.2840 

.2830 

.2838 

.2817 

9,400 

.2869 

.2890 

.2870 

.2864 

.2855 

.2807 

.2846 

.2861 

.2863 

.2861 

.2858 

.2837 

9,500 

.2887 

.2910 

.2890 

.2877 

.2875 

.2825 

.2867 

.2875 

.2881 

.2870 

.2876 

.2855 

9.600 

.2903 

.2926 

.2906 

.2900 

.2887 

.2846 

.2885 

.2890 

.2897 

.2888 

.2893 

.2872 

9.700 

.2924 

.2941 

.2921 

.2919 

.2908 

.2865 

.2902 

.1^908 

.2919 

.2908 

.2912 

.2891 

9.800 

.2940 

.2957 

.2937 

.2934 

.2930 

.2885 

.2919 

.2926 

.•2931 

.2929 

.2929 

.2908 

9,900 

.2966 

.2970 

.2958 

.2946 

.2948 

.2902 

.2934 

.2946 

.'2947 

.2944 

.2^45 

.2924 

10,000 

.2970 

.2989 

.2974 

.2976 

.2965 

.2918 

.2952 

.2960 

.2960 

.2960 

.2962 

.2»40 

10.100 

.2986 

.*)05 

.2990 

.2986 

.2976 

.2934 

.2970 

.2972 

.2975 

.2976 

.2977 

.295i> 

10,200 

.8001 

.3019 

.3002 

.2998 

.2994 

.2947 

.2987 

.2986 

.2998 

.2990 

.2992 

.2970 

10,300 

.3017 

.8024 

.8020 

.3018 

.9009 

.2962 

.3003 

.3005 

.8015 

.8010 

.8008 

.298(1 

10.400 

.3030 

.3046 

.8037 

.3030 

.8026 

.2979 

.3019 

.3021 

.8030 

.3023 

.8024 

.3002 

10,600 

.3046 

.3060 

.8062 

.8049 

.8043 

.2996 

.8036 

.3039 

.3044 

.3039 

.9040 

.301« 

10.600 

.3060 

.3075 

.3068 

.3061 

.3066 

.8015 

.3051 

.3056 

.9069 

.8066 

.9056 

.3034 

10.700 

.3074 

.3093 

.3082 

.3077 

.3070 

.3030 

.3068 

.3069 

.8070 

.8074 

.8071 

.3049 

10,800 

.3088 

.3106 

.8100 

.3090 

.8084 

.3047 

.8083 

.3080 

.9085 

.9085 

.3085 

.3063 

10,900 

.3103 

.3123 

.8115 

.3102 

.8098 

.3059 

.3098 

.3096 

.3100 

.3100 

.9099 

.3077 

11,000 

.3117 

.8136 

.3126 

.3124 

.3112 

.8070 

.9111 

.3110 

.3114 

.9119 

.9114 

.9092 

11,100 

.3130 

.3148 

.3138 

.3132 

.3126 

.9080 

.3126 

.3120 

.3127 

.9190 

.3126 

.3104 

11,200 

.3141 

.8160 

.3164 

.3146 

.3140 

.3095 

.3138 

.3135 

.3144 

.9141 

.3199 

.3117 

11,300 

.8155 

.8174 

.3165 

.3166 

.3163 

.3114 

.3149 

.8149 

.3168 

.9160 

.9163 

.3131 

11,400 

.3170 

.3189 

.3179 

.3170 

.3166 

.3126 

.3169 

.3161 

.3168 

.9174 

.8167 

.3146 

11,500 

.3181 

.3200 

.3191 

.3182 

.3180 

.3140 

.3180 

.3175 

.3180 

.9184 

.8180 

.3158 

11.600 

.3198 

.3215 

.3205 

.3198 

.3192 

.3155 

.8190 

.3188 

.3193 

.9194 

.8193 

.3171 

11.700 

.8208 

.3229 

.3218 

.3215 

.3204 

.3172 

.3200 

.3200 

.3206 

.8209 

.8206 

.9184 

11.800 

.3221 

.3240 

.3233 

.3225 

.3218 

.3186 

.  3215 

.3216 

.3219 

.8221 

.3219 

.3197 

11,900 

.3232 

.8250 

.3244 

.3236 

.3233 

.3196 

.3228 

.3230 

.3232 

.9232 

.3231 

.8209 

12.000 

.3250 

.3269 

.ms 

.3244 

.8244 

.8208 

.3240 

.3239 

.3244 

.8249 

.3243 

.3220 

12.100 

.32&1 

.3270 

.3265 

.3256 

.3256 

.8220 

.3250 

.3260 

.3258 

.8267 

.9263 

.3230 

12,200 

.3265 

.3283 

.32'/7 

.3272 

.3267 

.3232 

.3263 

.3260 

.3267 

.8268 

.9266 

.3242 

12.300 

,3276 

.32% 

.3291 

.3284 

.8278 

.3244 

.3275 

.3273 

.3276 

.8281 

.3277 

.3264 

12,400 

.3289 

.3305 

.3303 

.3294 

.3291 

.825.1 

.3287 

.32*4 

.3290 

.32M 

.3289 

.8266 

12,500 

.3300 

.3316 

.3312 

.8304 

.3800 

.3265 

.3296 

.3294 

.3300 

.9305 

.8299 

.3276 

12,600 

.3310 

.3327 

.3320 

.8316 

.8311 

.3275 

.3307 

.3306 

.3318 

.9316 

.3310 

.3287 

12.700 

.3320 

.3335 

.3336 

.8327 

.3320 

.3286 

.8318 

.3319 

.3324 

.8328 

.3321 

.3298 

12,800 

.3330 

.8346 

.8»46 

.8336 

.8330 

.3297 

.3330 

.3829 

.3336 

.3336 

.3831 

.3908 

12,900 

.3341 

.3358 

.8354 

.8363 

.3341 

.3308 

.3340 

.3338 

.3346 

.3:«7 

.8943 

.33*20 

13,000 

.3351 

.3370 

.3366 

.3363 

.3362 

.8320 

.3363 

.3345 

.3356 

.8369 

.8354 

.3331 

13.100 

.3361 

.3380 

.3375 

.3373 

.3363 

.3330 

.3360 

.3365 

.3370 

.3368 

.3364 

.3341 

13.200 

.3370 

.3390 

.3385 

.3380 

.8373 

.3339 

.3369 

.3369 

.3380 

.8375 

.3379 

.3350 

13,300 

.3380 

.8398 

.3394 

.3389 

.3381 

.3350 

.3378 

.3379 

.3389 

.3383 

.3382 

.3*59 

13.400 

.3389 

.3406 

.3403 

.3397 

.8392 

.3369 

.3389 

.8388 

.3396 

.9391 

.3991 

.3368 

13.500 

.3398 

.3418 

.8412 

.3406 

.3401 

.3369 

.3398 

.3396 

.3405 

.9402 

.9401 

.3378 

13,600 

.3409 

.34'2K 

.3422 

.3416 

.3412 

.3380 

.3408 

.3406 

.3414 

.3414 

.9411 

.8388 

13,700 

.3418 

.3431". 

.3431 

.3424 

.3421 

.3390 

.34*20 

.3414 

.3423 

.94-24 

MM 

.3:Rr7 

13,800 

.3425 

.3445 

.3440 

.8433 

.SM31 

.8396 

.3430 

.3424 

.9435 

.94M 

.9429 

.9406 

13,900 

.34&'S 

.3456 

.8449 

.5M42 

.3440 

.8405 

.9439 

.8434 

.3445 

.8444 

.9489 

.9416 

14.000 

.3444 

.8466 

.3468 

.34&4 

.3446 

.3417 

.3445 

.3441 

.3466 

.9462 

.9448 

.3426 

14.100 

.3450 

.34?2 

.8469 

.3460 

.3455 

.34-27 

.3454 

.3451 

.3466 

.3461 

.9457 

.3434 

14.200 

.3458 

.3479 

.*478. 

.3470 

.3466 

.8436 

.3463 

.3458 

.3472 

.3469 

.5465 

.3442 

14,300 

.8467 

.348.') 

.3489 

.3478 

.3475 

.3444 

.3475 

.3466 

.3483 

.3477 

.9474 

.3451 

14,400 

.3476 

.3493 

3495 

.3485 

.3483 

.8450 

.3484 

.3475 

.3490 

.3488 

.9482 

.9459 

14,500 

.8484 

.3602 

.3502 

.:M91 

.8490 

.3460 

.3492 

.^85 

.3498 

.3498 

.3490 

.3467 

14.600 

.S493 

.3512 

.  3510 

.3500 

.3500 

.3470 

.35a'> 

.34^ 

.S!m 

.3510 

.3500 

.3477 

14,700 

.3500 

.352:* 

.  31)20 

.3512 

.3510 

.3475 

.3614 

.3502 

.3515 

.3516 

.:i'309 

.3486 

14,800 

.3608 

.3530 

.:t527 

.3521 

.3518 

.8484 

.35'22 

.3510 

.35-23 

.3524 

.3517 

.9494 

14,900 

.8517 

.35:t7 

.  35:^*) 

.3527 

.  8525 

.  :VI90 

.  :i'>28 

.3520 

.8629 

.3529 

.3524 

.aw 

15,000 

.3529 

.srvi.^ 

.3M4 

.8537 

.  {mi 

.349S 

.:iS:W 

.:«« 

.a'«7 

.3M0 

.3633 

.»i09 
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Compression  tests  of  buffer  springs  for  75-millimeter  R.  F.  moun- 
tain gun  carriage. 

DEBCRIPnON  OP  ONE  BPRINO. 

FKelMlg^ht inches..  26.80 

Number  of  coils 46 

Pitch inch..      .686 

Exterior  diameter inches..    2.06 

interior  diameter Ao..,    1.14 

r-  "i  ^-Interior. 

Dtmensfcons  of  ribbon ".!&  "^.140 


Height. 

tained. 

Remarks. 

Fint  spring: 

Indiet. 

Poundt. 

First  tot 

19.91 
7.88 

120 
400 

6.68 

400 

Spring  jarred. 

9.92 

800 

9.98 

800 

Spring  jarred. 

19.86 

120 

19.88 

120 

Spring  jarred. 

26.73 

0 

Seooodtest 

19.20 

120 

Testing  attachment  greased. 

16.12 
9.94 
7.00 

200 
800 
880 

Spring  jarred  continuously. 

9.90 

800 

16.10 

200 

19.82 

120 

26.73 

0 

Second  s|Hing: 

Flnttest 

26.80 

0 

Spring  jarred  contlnnonsly. 

19.71 
16.02 

120 
200 

10.71 

800 

7.00 

890 

10.00 

800 

14.90 

200 

19.06 

120 

26.70 

0 

Second  test 

19.34 

120 

16.49 

200 

10.42 

300 

7.00 

380 

9.89 

300 

14.86 

200 

18.94 

120 

26.70 

0 

Third    spring,   extra  spring  fur- 
nished with  carriage. 

24.80 
20.06 

0 
120 

Spring  jarred  continuously. 

PreTiotHlr  tested. 

16.96 

200 

12.88 

300 

8.97 

400 

7.00 

474 

8,49 

400 

12.80 

300 

16.20 

200 

19.80 

120 

24.06 

0 

DIMINSIONS  OP  THIRD  SPRING,  TAKEN  APTER  TESTING. 

Prve height inches..  24.66 

Number  of  ooils 46 

Pitch inch..      .660 

Exterior  diameter inches..    2.00 

Interior  diameter do 1.14 

r  )  4-Interior. 

lof  ribbon ".116  ".160 


90 


HELICAL   SPRINGS. 


Compression  test  of  a  helical  spring  from  a  75-millimeter  R.  F. 
mountain  gun  carriage,  from  Franldfora  Arsenal. 

DESCRIPTION. 

Free  height inches..  24.93 

Number  of  coils 48.5 

Pitch inch..      .609 

Exterior  diameter inches..    2.10 

Interior  diameter do 1.13 

r  n  ^-Interior. 

Dimensions  of  ribbon ".109  ".146 


Height. 

Load  sus- 
tained. 

Remarks. 

Inches, 

Pfytmd: 

24.98 

0 

Testing  attachment  greased. 

19.06 

120 

Spring  and  testing  attachment  jarred  continuously  to  reduce  frictional 
resistance. 

15.77 

200 

11.40 

800 

7.20 

400 

7.00 

416 

11.00 

800 

^ 

15.17 

200 

18.98 

120 

24.75 

0 

24.79 

0 

After  resting  10  minutes. 

24.60 

oadcdlOO 
0 
0 

times,  closed  down  to  a  height  of  7  inches  and  released  to  sero  each  time. 

After  resting  10  minutes. 

Under  test  the  spring  deflected  laterally  and  bore  against  the  rods  of  the 

19.06 

120 

testing  attachment.    The  frictional  resistance  was  largely  reduced  by 

jarring. 

15.70 

200 

11.08 

300 

7.88 

400 

7.00 

414 

10.75 

800 

15.10 

200 

18.80 

120 

24.50 

0 

18.30 

12(r 

16.64 

200 

11.15 

800 

7.03 

400 

7.00 

408 

11.57 

800 

15.66 

200 

19.40 

120 

24.48 

0 

24.51 

0 

After  resting  16  hours. 

HELICAL   SPBmaS. 
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Compression  tests  of  helical  springs  furnished  by  The  Wm.  D.  Gib- 
!ion  Company. 
Buffer  springs  for  75-millimeter  R.  F.  mountain  gun  carriages. 


DESCRIPTION  OF  FIRST  SPRING. 

Free  height inches..  32.60 

\umber  of  ooUs 63.76 

litch ; inch..    .628 


Dimemdoos  of  ribbon ".080 


Height. 

Load  808- 
tained. 

Ineha. 

PowndB. 

82.60 

0 

22.15 

99 

6.43 

252 

21.20 

100 

82.38 

0 

32.43 

0 

22.16 

100 

6.40 

264 

21.06 

100 

31.99 

0 

Remarkfi. 


FiDit  iipring. 


Second  spring . 


ClOHcd  down. 

641  coils. 
Closed  down. 
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HELICAL   SPBING8. 


Helical  Springs,  Double  Coil,  for  5-inch  R.  F.  Gun. 

Six  springs  tested. 

DESCRIPTION  OP  ONE  SPRING. 

Outside  coll.left'hand  spring: 

Exterior  diameter inches..    4.90 

Diameter  of  bar do. . .       ,€B 

Height  of  spring  unloaded do. . .  21 .  80 

Distance  between  coils do...      .75 

Weight , 21  pounds  6  oanoeH. 

Inside  coil,  right-hand  spring: 

Exterior  diameter inches..    8.40 

Diameter  of  bar do...      -SO 

Height  of  spring  unloaded do. . .  20. 00 

Distance  between  coils do...      .40 

Weight 11  pounds  1. 6  ounoea. 


First  spring: 
Outside  coil  . 


Inside  coll. 


Height. 


Inches. 
15.62 
15.50 
10.78 
15.50 
14.70 

15.50 


Loadsui 
tained. 


Poundt. 
1.650 
1.740 
8,400 
1,470 
1,650 

800 


Outer  and  inner  colls  assembled  and  tested  together. 


Remarks. 


15.50 

2,360 

11.09 

4,400 

15.50 

2.060 

14.57 

2,460 

Closed  down. 


Sprung  out  of  line  so  that  it  could 
not  be  closed  down. 


Closed  down. 


In  the  following  tests  the  outer  and  Inner  colls  were  assembled  and  tested  together. 
Second  spring 


Thinl  spring  . 


Fourth  spring . 


Fifth  spring . 


Sixth  spring. 


15.50    1 
11.09 
14.96 
15.60 

2,460 
4.600 
2.450 
2,180 

15.60 
10.89 
14.75 
15.60 

2,430 
4,550 
2,450 
2,150 

15.50 
10.  M 
14.85 
15.50 

2,340 
4.600 
2,450 
2,070 

15.87 
15.50 
10.94 
15.43 
15.50 

2,450 
2,640 
4,700 
2,450 
2.390 

15.60 
15.50 
10.61 
14.55 
15.50 

2.450 
2.600 
4,600 
2.450 
2.110 

Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 
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Counter  Recoil  Springs  for  7-Inch  Mortar  Carriages. 

COMPARISON  OF  OLD  AND  NEW  STYLES  OF  SPRINGS, 

NUMBER  AND  WEIGHT  PER  CARRIAGE. 


Style. 

Number 

for  a 
carriage. 

Weight. 

Each. 

Total. 

ou 

10 
4 

PoundM. 

8.75 
18 

Powndt. 
87.5 
72 

New 



DIMENSIONS. 


Style. 

Size  of  wire. 

Distance 

between 

coils. 

Number 
of  colls. 

Height. 

Exterior. 

Interior. 

OW 

".55  by  ".76 
".68  dlam. 

Inches. 
4.48 
6.00 

Inchu. 
2.98 
3.63 

Inch. 
.66 
.84 

7 

Inches. 

7.14: 

18.5db 

New 

SPECIFICATIONS,  NEW  SPRINGS. 


Outride  diameter  of  springs inches.. 

Inride  diameter  of  springs do . . . 

Height  when  compnessea  solid,  not  over do. . . 

Height  when  loaded  with  1,200  pounds,  not  leas  than do. . .  15. 

Height  when  £iee,  about do...  18.325 


5.  +0.06 
3.625  ±0.06 
9.6 


Each  spring  to  consist  of  a  single  coil  of  round  bars  and  to  be  closed 
down  solid,  and  to  remain  thus  for  sixty  hours,  at  the  end  of  which 
period  it  shaJl  fulfill  the  requirements  stated  above.  The  temper  to  be 
drawn  from  the  thin  ends  m  each  spring  to  obviate  brittleness. 
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HELICAL   8PBING9. 


CoMi'UESsioN  Tests  of  Three  Old  Springs  from  T-inch  Mortar 

Carriages. 


DESCRIPTION  OF  FIRST  SPRING. 

7  rijfht-hand  colls  of  rectangular  cross  nectioti. 

Size  of  wire inch..  .56  by  .75 

Out8iclc  diameter  of  coil inches. .  4.  48 

Inside  diameter  of  coil do. . .  2. 98 

Distance  between  coils inch . .  .66 

Weight »  pounds  12  ounces 


First  spring  . 


Second  spring . 


Third  spring  . . 


Height. 

Ixiad. 
Pounds. 

RemarkK. 

Indies. 

6.98 

0 

5.92 

1,200 

5.72 

1,420 

4.01 

8,700 

('hwed  down. 

5.72 

1,280 

5.82 

1,200 

6.96 

0 

5.90 

1,200 

6.72 

1,380 

4.01 

3,500 

Closed  down. 

5.72 

1.270 

5.79 

1.-200 

6.95 

0 

7.12 

0 

6.98 

1,200 

5.72 

1,480 

4.08 

3,600 

Closed  down. 

5.72 

1,330 

5.85 

1,200 

7.10 

0 

5.91 

1,200 

6.72 

1,430 

4.03 

3,600 

Closed  down. 

5.72 

1,320 

5.84 

1,200 

7.09 

0 

6.97 

0 

5.91 

1.200 

5.72 

1,460 

4.11 

3,600 

Closed  down. 

5.72 

1,340 

6.83 

1,200 

6.96 

0 

5.92 

1,200 

5.72 

1,430 

4.11 

3,600 

Closed  down. 

5.72 

1.320 

6.82 

1,200 

6.96 

0 

HELICAL   SPRINGS. 
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Heucal  Springs,  Double  Coil,  for  10-inch  Mortar  Carriages. 
From  lot  of  12  springs  received  January  25, 1902. 


DESCRIPTION  OF  ONE  SPRING. 

Ctatside  ooil,  6  coils,  left-hand  spring: 

Exterior  diameter inches..  9.10 

Interior  diameter do . . .  5. 60 

Diameter  of  bar do...  1.7ft 

Height  of  Pprin^  unloaded do...  14.61 

Distance  between  coils •. do. . .  1. 00 

Weight 8(')  pounds  8  ounces 

loaAe  ooil,  8  coils,  right-hand  spring: 

Exterior  diameter i nches . .  ft.  56 

Interior  diameter do...  3.06 

Diameter  of  bar do...  1.25 

Height  of  spring  unloaded do...  13.41 

Distance  between  coils do...  .61 

Weight 3-1  pounds  8  ounces 


Height. 

Load  sus- 
tained. 

Remarks. 

Inchea. 

PKmruU. 

FiTHtipring 

12.25 

17,800 

12.22 

18,000 

1 

9.75 

46,000 

1 

9.70 

48,200 

Closed  down. 

9.75 

45.200 

11.90 

18,000 

12.26 

13,700 

Second  spring 

12.25 

16,500 

12.12 

18,000 

9.76 

44,400 

9.69 

47,200 

Closed  down. 

9.76 

43,700 

11.78 

18,000 

12.25 

13,000 

Third  spring 

12.25 

16,700 

12.18 

18,000 

9.75 

45.400 

9.67 

48,400 

Closed  down. 

9.75 

44,700 

11.75 

18,000 

12,25 

12,900 

Foorth  spring 

12.25 

17,600 
18,000 

12.20 

9.76 

46.800 

9.72 

46,700 

Closed  down. 

9.75 

46,400 

1 

11.82 

18,000 

12.25 

13.200 

Fifth  sprini? 

12.25 

18,000 

12.25 

18,000 

9.75 

47,800 

9.68 

48,800 

Closed  down. 

9.75 

47,200 

1 

11.98 

18,000 

12.25 

13.500 

1  after  which  the  results  were  as  folk 

1 10^.25  height  and  returning  to  12^.25  height  each  time, 
ws: 

12.25 

16,400 

12.04 

18,000 

' 

9.76 

44.600 

9.68 

48,700 

Closed  down. 

1 

9.76 

43,900 

11.90 

18,000 

, 

12.26 

14,600 

Spring  now  closed  down  and  so  remained  for  a  period  of  20  hours,  after  which  the  results 
were  as  follows: 


Closed  down. 


12.25 

16,600 

12.16 

18,000 

9.75 

46,700 

9.67 

48,400 

9.75 

46.400 

11.90 

18.000 

12.25 

14.600 
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H£LIGAL   SPBINOS. 


Supplementary  Tests  of  Helical  Springs,  Double  Coil,  for  10- 
Inch  Mortar  Carriages. 

From  lot  of  12  springs  received  January  25,  1902. 


Height. 

Load  sus- 
tained. 

Remarks. 

Inches. 

Pound*, 

First  spring 

12.25 

17,200 

FT«e  height  before  test: 

Outride  coil. .  .inches. .  14.34 

12.18 

18.000 

9.76 

46,300 

Inside  coll do...  13.36 

9.68 

49,700 

Cloeed  down. 

9.75 

46,900 

11.87 

18,000 

12.26 

14,000 

9.76 

46.200 

12.26 

15,400 

9.76 

46,200 

Free  height  after  test: 

Outride  coil . . .  inches. .  14.80 

9.67 

49,800 

Closed  down. 

9.75 

45,800 

Inside  coil do...  13.86 

12.25 

13,700 

First  spring  (test  repeated) 

12.25 

16,700 

Free  height  before  test: 

Outride  coil . .  .inches. .  14.30 

12.12 

18,000 

9.75 

46,100 

InridecoU do...  13.86 

9.67 

49,700 

Closed  down. 

9.76 

45,600 

11.84 

18,000 

12.26 

13,700 

9.75 

46,000 

12.25 

14,100 

9.75 

46.100 

Free  height  after  test: 

Outeide  coil . .  .inches. .  14. 28 

9.67 

49,700 

Closed  down. 

9.75 

45,900 

Inside  coil do...  13.35 

12.25 

13,600 

Third  spring 

12.25 
12.18 

17,100 
18,000 

Free  neignt  before  test: 

Outride  coil. .  .inches. .  14. 13 

9.76 

46,200 

Inridecoil do...  13.42 

9.63 

48,800 

Cloeed  down. 

9.75 

44,600 

11.78 

18,000 

12.25 

12,900 

9.75 

45,400 

12.25 

13,000 

9.75 

44,900 

Free  height  after  test: 

Outside  coil . .  .inches. .  14. 09 

9.63 

49,800 

Closed  down. 

9.76 

45, 100 

Inridecoil do...  13.35 

12.25 

12,500 

Third  spring  (test  repeated) 

Free  height  before  test: 

Outride  coil . .  .Inches. .  14. 09 

12.25 

15,900 

12.06 

18.000 

9,76 

44,900 

Inridecoil do...  13.35 

9.63 

48.800 

Closed  down. 

9.75 

43,800 

11.77 

18.000 

12.25 

12,800 

9.75 

44.400 

12.25 

12,400 

9.75 

44,300 

Free  height  after  test: 

Outride  coil . . .inches. .  14. 06 

9.64 

48,600 

Closed  down. 

9.75 

43,600 

Inridecoil do...  13.32 

12.25 

12,400 

HELICAL   SPRINGS. 
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StrPFLKMENTART  Tests  OP  Helical  Spbikgs,  ETC. — Continued. 

SPRING  COMPRESSED  FROM  HEIGHT  OF  Vif.7S>  TO  10^.25  100  TIMES. 

Third  wpttnxi 

Free  he&tat  before  oompxeeBixig  100  timen— 

OatrideooU Inches..    14.06 

Inside  oofl do...    13.82 

Iktl2«'.25 pounds..  15,100 

I  At  10^.25 do...  38,500 

One  hundredth  oompreasion— 

U»dAtl2».25 do...  12.900 

LoAd at  10^.25 do...  88,200 

Free  helcht  after  compreflrinir  100  times— 

Ootrtdeeoa inches..    14.06 

InaldeooU do...    18.81 


AFTER  BEING  COMPRESSED  FROM  12».26  TO  10*^.25  100  TIMES. 


1 

Height. 

Load  sus- 
tained. 

Remarks. 

Ineha, 

Pmmdt. 

Third  spring 

12.25 

15.100 

12.08 

18,000 

1 

9.75 

44,400 

1 

9.68 

48,700 

Closed  down. 

Free  heteht  after  test: 
\             Oattldecoil  ..inchra.. 

9.76 

48,700 

14.01 

11.76 

18,000 

Inside  Gofl do... 

13.81 

12.25 

12.500 

Fifth  roiin« 

12.25 

17,000 

FTeelieight  before  test: 

12.17 

18.000 

Ooiiklecoil  ..inches. 

14.05 

9.67 

48,600 

Closed  down. 

Inadecoil do.. 

18.48 

11.90 
12.25 

18.000 
14,000 

1 

9.67 

48.400 

Closed  down. 

11.88  • 

18.000 

( 

12.25 

18,700 

Fieehe^ht: 

Ont^ecoU  ..inches.. 

14.08 

12.25 

16,600 

InsldecoU. .:.... do... 

13.44 

12.14 

18,000 

9.67 

48.700 

Closed  down. 

U.89 

18,000 

12.25 

14,200 

9.67 

48.700 

Closed  down. 

11.87 

18,000 

' 

12.25 

13,800 

FreeheUrht: 

On^deooil  ..inches. 

14,01 

12.26 

16.400 

Inside  a>U do... 

1 

18.48 

11.60 
12.25 
11.00 
12.25 
10.60 

25,600 
16.100 
81,400 

87,200 

Free  height  afti»r  test: 
1             O^&eooU  ..inches.. 

14.01 

12.25 
10.00 

15,100 
48,000 

j            Insideooa do... 

18.43 

12.25 

14,800 

Additional  tests  were  made  on  spring  No.  5.  After  resting  without 
load  a  period  of  4  days  the  spring  was  returned  to  the  testing  machine. 
When  again  loaded  it  sustained  17,000  pounds  at  a  height  of  12".  26, 
against  18,000  pounds  at  the  commencement  of  the  original  test  and 
14,500  pounds  at  the  same  height  at  the  close  of  the  first  test. 

Pounds. 
In  thepresent  instance,  after  closing  down,  the  load  sustained  on  the  return  movement  was.  14. 000  (a) 

After  eJoaed  down  a  second  time 13.700  (b) 

Losd  released  to  aero,  then  sgain  loaded 16.500 

dosed  down  and  retomed 14.200(a) 

Closed  down  again  and  returned 18.800  (5) 

H.  Doc.  836 7 
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The  conditions  of  the  tests  were  similar  in  instances  {a)  {a)^  and  like- 
wise in  {b)  (&),  and  it  is  seen  that  the  loads  sustained  are  practically 
alike  in  each  of  the  two  of  the  same  group. 

The  spring  was  again  completely  unloaded  and  compressed  succes- 
sively increased  amounts. 

It  is  now  shown  that  the  load  sustained  by  the  spring  at  12".  25 
height  is  as  follows: 

Poonda. 

First  application  of  load 16,400 

After  compresring  to  11".50  hei«:bt 16,100 

After  compressiiig  to  11".00  height 15,400 

After  compreesing  to  10'''.50  height 15,10) 

After  compreaBing  to  IC'.OO  height 14,300 

thus  showing  a  gradual  decrease  in  sustaining  power,  due  to  the  man- 
ner of  loading. 


CAST  IRON  SHELL,  12-INCH  MORTAR. 


COMPRESSIVE  MOVEMENT   OF  BASE  PLUG  AND 
DIA3IETRICAL  EXPANSION  OF  SHELL. 
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CAST-IRON   8H£LL,  12-INOH  XOBTAB. 
CAST-IRON   SHELL,    12-INCH  MOBTAR. 
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^8 


.^    4'.56i 


COMPRESSIVE  MOVEMENT  OF  BASE  PLUG, 
READINGS  TAKEN  ON  BREECH  PLUG  2%"  FROM  CIRCUMFERENCE  OF  SHELL. 


I 


Longitu- 
dinal 

ooinpnw- 
sion. 


RemarkB. 


6,000 
10,000 
20,000 
40,000 
00.000 
100,000 
ISOtOOO 
200.000 
980.000 
200,000 
400,000 
S00.00O 
600,000 
700,000 
800,000 
6,000 


Jnekea, 

0. 

0. 

.0008 
.0013 
.002S 
.0040 
.0049 
.0065 
.0000 
.0064 
.0070 
.0076 
.0084 
.0091 


Initial  load. 

MoTement  took  place  In  an  inward  direction,  longitudinally. 
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COMPRESSIVE  MOVEMENT  OF  BASE  PXt7G— Continued. 

READINGS  TAKEN  ON  BREECH  PLUG  'IM-  FROM  CIRCUMFERENCE  OF  SHELLr-Conanaed. 


*sr 


Longito- 
dlnal 

compres- 
don. 


RemarkB. 


Awndf. 

800,000 

6,000 


Inehn, 
.0090 
.0084 


Shell  remoTed  from  the  testing  machine  and  examined.  Breech  plug  indented,  that  part 
of  surface  acted  upon  by  loading  fixture  4f*  diameter. ".  04.  The  end  surface  of  the  plug  was 
found  concaved  ".  08  in  addition  to  the  ".  04  indentation.  A  spanner  was  applied  and  a  sligrht 
gain  obtained  on  the  screw  thread  of  the  plug.  Shell  returned  to  the  testing  machine,  and 
observationfl  on  the  same  gauged  length  repeated  as  before. 


6,000 
800,000 

5,000 
800,000 

5,000 


.0070 
.0011 
.0070 
.0012 


Initial  load. 


READINGS  TAKEN  ON  THE  BASE  OF  THE  SHELL  U''  FROM  CIRCUMFERENCE. 


5,000 

0. 

800,000 

.0012 

5,000 

0. 

800,000 

.0012 

5,000 

0. 

800,000 

.0012 

5,000 

0. 

DIAMETRICAL  EXPANSION  OF  SHELL, 
READINGS  TAKEN  ON  DIAMETER  AT  THE  REAR  OF  THE  BAND.  MIDWAY  BASE  AND  BAND. 


Applied 
loadR. 

5,000 
800,000 

5,000 
800,000 

5.000 

Diamet- 
rical 

Remarkfi. 

Inches. 

0. 
—.0006 

0. 
—.0006 

0. 

Initial  load. 

ON  DIAMETER  4"  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800,000 

.0087 

5,000 

0. 

800.000 

.0036+ 

5,000 

0. 

ON  DL\METER  5i«  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800,000 

.0019 

5.000 

0. 

800.000 

.0019 

5,000 

0. 

ON  DLA.METER  10* »  IN  FRONT  OF  BAND. 


5.000 

0. 

Initial  load. 

800,000 

.0013 

5.000 

0. 

800.000 

.0014 

5,000 

0. 

INITIAL   STRAINS   IN    16-lNCH   OAST-IBON   SHOT. 

Initial  Strains  in  16-inch  (Jast-Iron  Shot. 
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Initial  tension  ring  and  tensile  tests  from  riser  of  a  16-inch  cast-iron 
i^lid  shot 
Dimensions  of  riser: 

Inches. 

IMjuneter li 

Leng^th 

Exterior  of  riser,  at  the  end  next  to  the  shot,  turned  down  to  15".96 
diameter  for  a  length  of  6  inches.  An  initial  tension  ring  taken  from 
the  turned  end  of  the  riser,  measured  while  the  riser  was  intact,  and 
again  after  the  ring  was  detached. 


SI 


AiMr. 


h 


F 

V'< 

t^ 

%  ; 

•10 

««• 

1 

^^\ 

ii 

i 

c5 

k 

m 

« 

«  : 

k 

«4 

.r-_-i 

«  6-      1 

24:5 

/ 

Init! 

i^lAn 

itlon  ring 

^' 


Measured  on  diameters  A  and  B: 


CoDdition  of  ring. 

Diametent. 

1 

A. 

B. 

Mean. 

RItfr  intact 

Inehet. 
16.9601 
16.9688 

Inches. 
16.9600 
16.9606 

Inches. 
16.96006 
16.9697 

Rtnff^  AptB/chni                                             

Strains  released  and  computed  stress: 


Condition  of  ring, 


Stralnfl  releaaed,  dlametera. 
B.  Mean. 


Detached. 


Inch. 
-.0018 


Inch. 
+.0006 


Corre- 
sponding 
stress. 


Inch. 
-.00086 


Lt».pcr»q. 
in.  tension, 
400 
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Assumed  modulus  of  elasticity,  18.000,000  pounds  per  square  inch. 

The  detached  ring  was  subsequently  cut  apart  radially,  whereajron 
the  ends  opened  ".0y9,  showing  the  relief  or  residual  strains,  tension 
at  the  exterior,  compression  at  the  interior,  which  did  not  find  com- 
plete relief  when  the  ring  was  detached  from  the  body  of  the  casting. 


TENSILE  TESTS. 


No.  of 

test. 

Direction  of  opecimen. 

Tensile 
strength 

per 
square 
mch. 

Fracture. 

Specific 
gravity. 

6756 
6767 
6766 

Lnng^tndinal 

POUTUU. 

22,190 
28,400 
24,820 

Coante  granular,  gray 

TanffCTitlftl 

Fine  and  coarse  granular,  gray 

do 

7.164 
7.148 

Radial 

HYDROSTATIC  TESTS  OF  TWO  GUN  HOOPS. 


No,  2709S  lis,  A  STREAKED  HOOP, 
No.  17959  R4,  AN  VN8TREAKED  HOOP, 
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Material  Tested  and  Methods  Ebiployed. 

Two  hoops,  one  originally  intended  for  a  10-inch  A3  hoop,  the  other 
a  10-inch  A2  hoop,  of  streaked  and  unstreaked  metal,  respectively,  were 
tested  to  destruction  bv  means  of  interior  hydrostatic  pressures.  The 
hoops  were  finished  for  testing  to  the  shape  and  aimensions  here 
shown: 


.?:r: 

ss; 

71 

•^S 

•                                         • 

^ 

1                                         1 

1 

i^ 

s —        »:»     < 

s 

t                                                                                              1 

1 

.                                                                                              1 

i 

^ 

^ 

r.                                   :   1 

The  walls  at  the  central  part  of  each  hoop,  for  a  length  of  15  inches, 
were  one-half  inch  thick.  Flanges  were  left  on  the  ends  to  reenforce 
the  strength  of  the  hoop  over  the  hydraulic  j)ackings. 

The  testing  was  done  with  a  fixture  consisting  of  a  body,  flanged  at 
the  lower  end,  over  which  the  hoop  was  placed,  and  surmounted  by  a 
cap  bolted  to  the  body.  An  annular  space,  ".75  wide  on  a  side,  existed 
between  the  interior  surface  of  the  hoop  and  the  exterior  surface  of 
the  body,  which  space  contained  the  hydraulic  packings.  The  end 
thrust  of  the  packings  was  resisted  by  the  flange  at  the  lx>ttom  of  the 
body  in  one  direction  and  by  the  cap  in  the  other.  Communication 
was  established  between  the  annular  space  and  the  testing  machine 
through  hydraulic  piping,  and  the  straining  of  the  hoop  was  effected 
by  admitting  oil  or  water  under  gradually  increasing  pressures. 

A  caliper  arm  carrying  micrometer  points  was  mounted  opposite  the 
middle  aiameter  of  the  hoop  under  test,  and  observations  taken  on 
the  expansions  and  permanent  sets  acquired  by  the  application  of 
advancing  pressures  and  their  release.  At  pressures  2,000  and  3,000 
pounds  per  square  inch  below  the  elastic  limits  of  the  streaked  and 
unstreaked  hoops,  respectivelv,  the  loads  were  applied  and  released 
500  times  with  each  hoop.  Thereafter  the  pressures  were  gradually 
increased,  passing  the  elastic  limits  of  the  material  and  approaching 
the  limit  of  rupture. 

There  were  interruptions  during  the  final  stages  of  the  tests,  once 
with  the  streaked  hoop,  several  times  with  the  unstreaked  one,  when 
it  was  necessary  to  machine  the  flanges  or  modify  the  testing  fixture 
to  compensate  for  the  distortion  of  the  tent  piece.  The  distortion 
finally  became  so  great  with  the  unstreaked  hoop  as  to  require  the  use 
of  stoves  and  a  retaining  band  acting  against  the  flanges  to  restrict 
further  longitudinal  contraction  of  the  hoop,  which  otherwise  naight 
have  gone  oe^^ond  the  compensating  limits  of  the  fixture.  This 
occurml  when  the  indications  of  the  test  were  that  a  close  approach 
to  the  ultimate  strength  of  the  material  had  been  reached,  a  stress 
considerably  in  excess  of  the  strength  of  the  tensile  specimens  having 
been  applied.     Circumferential  extension  was  not  opposed  by  the 

Eresence  of  the  staves  excepting  indirectly  by   the   restriction  of 
mgitudinal  contraction  of  the  hoop  as  a  whole. 
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The  minimum  values  shown  in  the  specimen  tests  of  the  physical 
qualities  found  in  the  si)ecimen8  were  as  follows: 


Elastic 
limit 
per 

■qnare 
inch. 


I  Poundt. 

Streaked  hoop 64,000 

Unstreaked  hoop '    56,000 


Tensile  I 

•rtr^f***    Elonga- 

square 
inch. 


Poundt. 

102,400 

110,000 


Per  cent. 
16.0 
12.0 


Contiuc- 
tion. 


Percent. 
3S.8 
85.2 


CHEMICAL  ANALYSIS  OF  STREAKED  HOOP. 


Carhon. 

Manga- 
nese. 

Silicon. 

Solphor. 

PhOB- 

phonis. 

Percent 
.640 

Percent 
.792 

Percent 
.277 

Percent 
.022 

Percent. 
.022 

General  Results  of  the  Tests. 


Each  hoop  endured  a  stress  2,000  and  3,000  pounds  per  square  inch, 
respectively,  below  the  elastic  limit,  repeated  600  times,  without  sen- 
sible permanent  set  in  diameter.  The  elastic  limit  of  each  hoop  under 
hydrostatic  test  coincided  with  the  minimum  value  found  in  the  speci- 
men tests  of  the  metal. 

In  ultimate  bursting  strength  the  streaked  hoop  showed  a  defi- 
ciency over  the  specimen  tests;  the  unstreaked  hoop  showed  an  excess 
in  strength  over  the  specimen  tests.  The  numerical  values  obtained 
were  as  follows: 

hydrostatic  tests. 


Elastic  limit 

Ultlnutte  strength 

Elongatiou  (drcumferantial) percent..} 


Hoop. 


Streaked 

persqoare 

inch. 


Unstreaked 

persqoare 

inch. 


Pound*. 

54,000 

91,061 

8.92 


Poundt. 

66,000 

126,889 

18.6 


In  circumferential  elongation  the  relation  of  the  hydrostatic  to  the 
specimen  tests  was  similar  to  the  results  on  ultimate  strength.  There 
was  a  deficiency  of  elongation  displayed  by  the  streaked  hoop;  an 
excess  of  elongation  displayed  by  the  unstr^ked  hoop  with  reference 
to  the  specimen  tests  of  the  metal. 
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From  the  original  thickness,  ''.50,  the  walls  of  the  streaked  hoop 
drew  down  to  ".483  at  the  fractured  edge,  and  the  unstreaked  hoop 
drew  down  to  ".436,  the  contraction  in  the  thickness  of  the  two  hoops 
wai*  therefore: 


Straaked  boop 

Uxutzcaked  hoop . 


The  character  of  the  fractured  surface  in  each  hoop  was  granular, 
radiating  from  the  incipient  point. 

The  line  of  fracture  m  the  streaked  hoop  had  its  origin  at  the  prin- 
cipal streak  of  the  exterior  surface,  an  interrupted  line  of  alternate 
^^eamj  and  sound  metal  4^  inches  long  by  0.15  inch  deep  in  an  obliaue 
direction  at  its  maximum.  This  and  other  streaks  in  the  hoop  graau- 
ally  increased  in  prominence  as  the  interior  pressures  advancea  l^yond 
the  elastic  limit  of  the  metal. 

The  unstreaked  hoop  fractured  along  an  element  not  previously 
characterized  by  any  unusual  local  appearance  of  the  metal. 

Comparisons  of  the  Results  and  Conclusions  Reached. 

(1)  The  elastic  limits  of  the  hoops  possessed  the  values  indicated  by 
the  specimen  tests. 

(2)  Each  hoop  successfully  endured  500  repetitions  of  a  load  closely 
approaching,  but  within  the  elastic  limit  of  the  metal. 

(3)  The  presence  of  streaks  exerted  a  marked  influence  on  the  ulti- 
mate strength  and  elongation  of  the  metal. 

(4)  The  actual  bursting  strength  of  the  unstreaked  hoop  was  34,838 
pounds  per  square  inch  above  that  of  the  streaked  one,  or  corrected 
lor  the  aifference  in  the  specimen  tests  of  the  metal  the  above  became 
27,238  pounds  per  square  inch.  Under  the  corrected  figures  the 
strength  of  the  streaked  hoop  is  77  per  cent  that  of  the  unstreaked. 

(5)  Compared  with  their  respective  tensile  specimens  the  following 
values  appear:  Streaked  hoop,  deficiency  in  strength,  11,349  poun£ 
per  square  inch;  unstreaked  noop,  excess  in  strength,  15,889  pounds 
per  square  inch;  the  streaked  hoop  has  88.9  per  cent  the  strength  of 
the  specimen  test;  the  unstreaked  hoop  has  114.1  per  cent  the  strength 
of  the  specimen  test. 

(6)  The  elongation  of  the  streaked  hoop  was  26.1  per  cent  that  of 
the  specimen  test;  the  elongation  of  the  unstreaked  noop  was  154.1 
per  cent  that  of  the  specimen  test. 

(7)  The  excess  in  strength  and  elongation  of  the  unstreaked  hoop 
over  the  specimen  test  is  attributed  to  the  reinforcing  influence  of  the 
flanees  of  the  hoop. 

{S)  The  deficiency^  in  strength  and  elongation  of  the  streaked  hoop 
over  the  specimen  test  is  attributed  to  the  pi*esence  of  streaks  in  the 
metaL 
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Details  o    Tests. 

HYDROSTATIC  TEST  OF  STREAKED  HOOP  17093  B3.    ORIGINALLY  A  10*  A3  HOOP- 


'  ^tl^ 


Expansion  of  the  hoop  measured  at  the  middle  of  its  length  on  one 
diameter. 


Interior 

pressure 

per  square 

Inch. 


Fiber  HtresB 

per  square 

Incn. 


Pounds.  I 

173  , 

346  I 

518  1 

691  1 

864  I 
1,087 
1,209 

1,382  1 
178 
Hoop  rested 


173 
1,382 

173 
1,382 
1,555 
1,728 

173 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 

173 
1,797 

173 
1,797 

173 

173 
1,866 

173 
1,935 

173 
2,004 

173 
2,073 

173 


2,142 
178 

2,211 
173 

2,280 
173 
178 


Pminds. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 

5,000 
12  days. 

5,000 
40,000 

5,000 
40,000 
45,000 
50,000 

5,000 

5,000 
52,000 

5,000 
52,000 

5,000 
52,000 

5,000 
52,000 

5,000 
52.000 

5,000 
52,000 

5,000 

5,000 
52,000 

5.000 
52,000 

5,000 

5,000 
54,000 

5,000 
66,000 

5.000 
58,000 

5,000 
60,000 

5,000 


Expansion  | 

in 
diameter. 


Remarks. 


Initial  load. 


Inch. 

0. 
.0051 
.0098 
.0160 
.0195 
.0234 


Pressures  maintained  ranging  from  200  to  600  pounds  per  square  inch. 
0. 

.0342 
.0002 
.0837 
.0391 
.0466 
.0003 
.0040 


.0040 
*.*6646' 


.0020 
.0646' 


.0040 
.0025 


.0026 


.0040 
.0051 


Micrometer  reading  after  resting  1  hour. 

Applied  25  times. 

Applied  25  times. 

Applied  50  times. 

Applied  100  times. 

Applied  33  times. 

Micrometer  reading  after  resting  over  night. 
Applied  67  times. 

Applied  200  times. 

Micrometer  reading  after  resting  1  hour. 
Elsjitic  limit. 


Enlargement  of  hoop  most  marked  along  zones  &*  and  12^ 
from  one  end.  N.  &  S.  diam.  ".016  larger  than  E.  &  W. 
diameter. 

Seams  opened  perceptibly  in  3  plact^. 


Micrometer  reading  after  resting  overnight, 
graphed  principal  t 


Photo- 
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DiTTAiLS  OF  Tests — Continued. 


Ill 


BeniArkB. 

a;ji9  '        68.000      

m  ,  ^000  .3907 
2,419                TO^OOO       

m  &.000  .4878 
2,488     i           72^000        

178  5.CX)0  1  .4910 
2,667     1           74,000       

173  ,  &.0(M>  '  .6461 
2,628     1           76.000      , 

m  &,OnO  .68U 
2.685      1           78,000      :     

m    '          6,ono             .6600 

2,7M      1           80,0U0      I 

.   m     '              6,000      !            .7222 
S.1U                  Q8-883           

Pressure  momentarily  reached. 

'                                    J 

Exterior   diameter  at  middle  of    length,  30". 27.     Maximum  and 
mimmmn  diameters,  ".077  difference. 
Packing  at  lo^w^er  end  blew  out  a  distance  of  12"  on  the  circumference. 
Hoop  removed  from  the  testing  attachment  and  measured  as  follows: 


r  26*.07  Max 


T 

n 


26-.  02  Min. 


i        — 


po'.28  Max.  ) 
(30:i6  Min.  i 


1 


Diameters  at  middle  of  length,  30".  28,  maximum;  30".  18,  minimum. 
Original  exterior  diameter,  called,  29.101;  hence  elongation  of  metal 
18  3.88  per  cent. 

Streak  plainly  visible  on  the  exterior  cylindrical  surface  measui'ed: 
Principal  streak  along  which  rupture  subsequently  occurred. 


<   ".65> 


<     ".  93      > 


<   ".75    > 


<     ".80    > 


<".  35>  <".  30> 

Detached  streaks,  scattered  orer  surface. 

<".  35>  <".  27>    <".  40>      <".  35> 

Streak  second  in  extent. 


.55> 


<  ".60  > 


<".  15><".  36><".  33> 


<".  40> 


<".25>  <".25><".55> 
The  streaks  which  were  scattered  over  the  interior  surface  measured: 


50>  <".  38><".  25>     <".  25>     <".  85>  <".  12>  <".  27  > 


<".15><".15> 


<".  25> 
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Streaks  on  the  inside  were  not  abreast  those  visible  on  the  outside 
of  the  hoop.    The  several  streaks  acauired  greater  prominenoe  after 

f)ressares  were  applied  which  strainea  the  metal  beyond  the  elastic 
imit.  Prior  to  the  application  of  such  pressures  the  general  surface 
of  the  hoop  was  smootn,  and  apparently  so  remained  up  to  the  time  of 
reaching  the  elastic  limit.  Unaer  higher  interior  pressures  a  roughness 
appear^  at  the  streaks,  the  metal  on  one  side  rising^  slightly  above 
the  ^neral  surface,  opening  fissures  which  dipped  obliquely,  some  in 
one  direction  and  some  in  the  opposite  way.  After  the  fracture  of  the 
hoop  it  was  found  that  the  metal  at  the  principal  streak  was  affected 
for  a  distance  of  about  'M5,  penetrating  to  a  depth  of  ".04:^. 

In  the  principal  streak  and  also  in  three  otner  cases  there  were 
sections  of  continuous  metal  between  ends  of  open  cracks.  All  of  the 
streaks  here  referred  to  were  of  the  type  in  which  continuity  of 
the  metal  is  wanting;  that  is,  they  were  seams  existing  in  the. steel. 
In  addition  to  those  measured,  there  were  others  of  a  less  pronounced 
order  which  were  not  sensibly  affected  by  stresses  above  the  elastic 
limit  of  the  steel.  There  were  faint  nebulous  patches  occasionally 
found— clusters  of  minute,  irregular-shaped  cavities. 

TEST  OF   HOOP  BESUMED. 

The  flanges  were  chamfered,  now  measuring  1".42  in  length  at  outer 
edge.  Connections  made  with  high-pressure  auxiliary  cylinder.  Di- 
ameter of  piston,  3".37;  sectional  area,  8".92. 

Hoop  ruptured  under  load  of  28,100  pounds  on  piston  of  auxiliary 
cylinder,  wnich  gives  3,150  pounds  per  square  inch  interior  pressure. 
Kef  erred  to  the  original  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  the  interior  pressure  is  91,051  pounds  per  square  inch. 
This  stress  is  regarded  as  the  more  reliable  value  of  the  strength  of 
the  metal  than  the  load  previously  mentioned  as  momentarily  reached. 
A  longitudinal  line  of  rupture  developed,  passing  through  the  princi- 
pal streak  of  the  exterior  surface  of  the  noop,  being  the  same  line  of 
streaked  metal  most  prominent  throughout  the  test,  and  shown  by 
the  photonaph  taken  after  the  application  of  66,000  pounds  per 
square  inch  fiber  stress. 

The  line  of  fracture  of  the  hoop  began  about  midway  the  length  of 
the  streaked  section,  or  5". 6  from  one  end  of  the  hoop,  as  shown  by 
the  center  of  radiation  of  the  fractured  surface,  which  was  granular 
throughout.  After  removiujg  the  hoop  from  the  testing  at^hment 
the  width  of  opening  of  the  iractured  ends  ranged  from  1".02  to  1".08 
at  the  streaked  section,  ".96  at  the  nearer  end  under  the  flange  and 
".88  at  the  farther  end  under  the  flange.  Along  the  streaked  section 
a  distance  of  4i"  the  fractured  surface  took  an  irregular  course; 
the  balance  of  the  fracture  on  either  side  followed  more  direct  courses 
to  the  ends  of  the  hoop.  In  the  streaked  section  there  was  a  flaky, 
lamellar  appearance,  the  metal  separating  ftlong  oblique  planes  with 
reference  to  the  exterior  cylindrical  surface.  The  overlapping  metal 
reached  a  maximum  width  of  'M5  and  depth  of  about  ".04.  The  thick- 
ness of  the  walls  adjacent  to  the  fractured  surface  was  ''.482  at  the 
middle  of  the  length  of  the  hoop;  at  the  place  where  rupture  began 
the  thickness  was  ".490,  while  at  the  corresponding  distance  from  the 
opposite  end  the  thickness  was  ".486.  The  circumference  at  the  mid- 
dle of  the  length  and  exterior  of  the  hoop  measured,  after  fracture, 
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*J5",  an  extension  over  the  original  circumference  of  3".  58 =3. 92  per 
cent.  At  the  middle  of  the  length  of  the  principal  streak  the  circum- 
ference measured  1  inch  less,  or  94"  circumference,  an  extension 
over  the  ori^nal  of  2". 68=2.82  per  cent 

Near  the  fillets   at  the  flanges  the  circumferences  were  92". 31  and 
92".37.     Thickness  of  walls: 


The  versed  sines   A  of  chord  at  the  diflferent  quarters  were  ".80, 
".61,  ".61,  ".62,  the  first  mentioned  being  taken  next  the  line  of  f  lucture. 


HTDROeTATIG  TEST  OF  UN8TREAKED  HOOP  17«W  B4.    ORIGINALLY  A  l(y  A2  HOOP. 


1.^. 


^ 


Expansion  of  the  hoop  measured  at  the  middle  of  its  length  on  one 
diameter. 


Interior 
prensure 

'   Inc-Ji. 


173 

51S 
091 
804 

1, 

1* 

1.72S 


FltoerBtTWB 

Expansion 

'       per  8C|iiAre 

indUim- 
e.er. 

Remarka. 

i 

1      j»ouvi^U. 

'             5.O00 

0. 

Initial  load. 

lO.OOO 

.0060 

15,000 

.0099 

20I0OO 

.0148 

1       2^'SS2 

.0197 

'       90,000 

.0248 

1     8&:ooo 

.0294 

40,000    1         .0843 

6,000             .0016 

45.000    ;         .0888 

1            60,000    '         .0443 

j            58,000    I         .0471 

1             5,000    ;         .0022 

H.  Doc.  336- 
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Interior 

premire 

persqpare 

inch. 


Fiber  8trefl8 

per  square 

inch. 


Bxpansion 
in  diam- 
eter. 


Kemarka. 


Pounds. 

1,881 

178 
1,881 

178 
1.881 

178 
1,881 

178 
1,881 

173 
1,881 

173 

173 
1,831 

178 
1,866 

178 
1,986 

178 
2,004 

178 
2,073 

178 
2,142 

178 
2,211 

178 
2,280 

178 
2,849 

178 
2,419 

178 
2,488 

178 
2,667 

178 
2,626 

178 
2,696 

178 
2,764 

173 
8,289 

178 


Pounds. 
68,000 

6,000 
68,000 

6,000 
68,000 

5,000 
68,000 

6,000 
68,000 

6,000 
68,000 

6,000 

6,000 
68.000 

6,000 
64,000 

6,000 
66,000 

6,000 
68,000 

6,000 
60,000 

6,000 
62,000 

6,000 
64.000 

6,000 
66,000 

6,000 
68,000 

6,000 
70,000 

6.000 
72,000 

6,000 
74,000 

6,000 
76,000 

6,000 
78.000 

6,000 
80,000 

6,000 
93,760 

6,000 


IndL 


.0024 


.0024 


.0018 

'.oosi" 


.0019 


.0024 
.0006 


.0016 
.0480 
.0019 


.0019 

'iaih' 


Applied  26  times. 

Applied  26  times. 

Applied  60  times.    Noon  intervened  after  87th  loauAing, 

Applied  100  times. 

Applied  100  times. 

Applied  100  times. 

Rested  16  hours. 
Applied  100  times. 

Elastic  limit. 


.0697 
.*i282' 


.2600 


.8002 
.'8406' 


.8816 
.*4287' 


.4888 
.'8745* 


Maximum  pressure  applied. 


Test  of  hoop  by  means  of  the  direct  accumulator  pressure  discon- 
tinued. 
Hoop  removed  from  testing  attachment  and  measured  as  follows: 


i  ? 


I  A 


32:95 

28:04 
'<>^07 


••J  2V97 


1<'.42  after  chamferiniir- 


Expansion  in  diameter,  ".8745=3  per  cent. 

Flanges  chamfered  at  the  outer  edge  to  a  length  of  1". 
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Hoop  returned  to  the  testing  attachment  and  connections  made  with 
high  pressure  auxiliary  cylinder. 


Interior 
piuHire 


Fiber  atna 


RemarkK. 


mmI«. 

AWNdt. 

S,821 

96,127 

S,410 

W.6II6 

3,600 

101,294 

1666 

102, 9U 

S.e66 

106,826 

S.7W 

107, 96S 

8.784 

106,098 

Auxiliary  cylinder  recharged  between  times  of  appljring  ^e  preonires. 
Load  reduced  about  onc^half  at  the  time. 


Lower  rairlrlng  of  hoop  blew  out. 

Under  diminished  loads,  about  one-half  the  original,  the  circumfer- 
ence of  the  hoop  at  the  middle  of  its  length  measured:  After  8,419 
pounds  per  square  inch,  circumference  96'\00;  after  8,666  pounds  per 
square  inch,  dreumference  96".87;  after  8,744  pounds  per  square 
inch,  with  the  pressure  entirely  removed,  circumierence9iB''.60«.6.76 

ET  cent  extension.    At  the  ends  of  the  hoop,  under  the  flanges,  the 
terlor  diameter  was  27".96  to  28".00. 
Hoop  removed  from  attachment,  ends  faced  and  chamfered  an  additional  ^.    Test 
resDmisd. 

111.811 

dreumference  98f*Ab  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  98".87  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumlerence  99".66  under  1,200  pounds  per  square  inch  interior 

pressure, 
dreumference  100''.4  under  1,200  pounds  per  liquare  inch  interior 

pressure, 
dreumference  101".26  under  1,200  pounds  per  square  inch  interior 
[re. 

ference  101".68  under  1,2Q0  pounds  per  square  inch  interior 
pressure  »  11.2  per  cent  extension. 
Lower  packing  blew  out.    Hoop  removed  from  the  attachment,  ends  again  faced  and  cham- 
fered ^  additional.    Length  of  flanges  after  chamfering  are  now  1".80. 

During  the  last  stage  of  teating  the  clearance  (I'O  provided  in  the  recess  of  the  cap  of  the 
testing  attachment  was  exhausted,  necessitating  further  chamfering.  The  hoop  showed 
marked  local  bulging  on  one  side. 

~   ■  '    '     ad  and  flange 

Circumference,  102".00  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  102".50  under  1,000  poundn  per  square  inch  interior 

pressure. 
Circumference,  109^.12  under  1,000  pounds  per  square  inch  interior 

pressure. 
Rested  under  this  load  1  hour  and  20  minutes. 
Circumference.  108".62  under  1,000  pounds  per  square  inch  interior 

pressure, 
dreumference,  104".06  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  104^.45  under  1,000  pounds  per  square  inch  interior 
pre8sure=14.2  per  cent  expannon. 


I:IS 

Ul,811 
112, 9B7 

8,917 

114,227 

8,90 

114,891 

4,014 

116.190 

4,017 

117,142 

4,066 

117,400 

4,070 

117,806 

4.108 

118, 7» 

4,m 

119,740 

2.286 
4,129 

64,720 
120,876 

4,166 

120,875 

4,171 

120,722 

Packing  blew  out  at  lower  end  of  hoop. 

Hoop  removed  from  testing  fixture  and  measured  as  follows: 


i:io/. 


27:85  to  27.87 


T 

23 


i:oo 


i:o*' 


'/r.oB 


87:81  to  37:06 
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•  The  middle  part  of  the  hoop  was  bulged  on  one  side  beyond  the  outer 
line  of  the  flanges. 

Hoop  and  figure  dismantled.  The  hoop  was  bored  out  at  the  ends, 
i-estoring  the  diameter  to  28".l  for  a  length  of  f "  to  iV"  ^^  ©ach  end. 
The  body  and  cap  of  the  testing  fixture  were  each  turned  to  28'M 
diameter  to  fit  the  interior  diameter  of  the  hoop,  which  they  entered 
i"  at  each  end.  The  cap  was  further  recessed  to  a  total  depth  of  3i'^ 
and  both  the  cap  and  flange  at  the  base  of  the  hoop  were  chamfered. 

After  an  interval  of  nine  days  the  modified  parts  were  reassembled 
and  the  testing  was  resumed.  The  hydmulic  packings  were  brought 
to  a  condition  of  action  and  the  hoop  kept  under  an  interior  pressure 
ranging  from  2,800  to  2,600  pounds  per  sauare  inch  over  night.  This 
interval  was  followed  by  the  application  of  higher  pressures,  as  follows: 


Interior 
preflBure 

Fiber  BtieBB 

Remarkji. 

Pounds. 
4,187 
3,181 
4,227 
2.286 
4,288 
2,286 
4,266 
4,272 
2,286 

Pounds. 
121,184 

90,614 
122,888 

64,720 
122,666 

64,720 
128,147 
128,687 

64,720 

Rested  1  hour. 
Circumference,  106''.40. 

Auxiliary  cylinder  was  recharged  at  frequent  intervalB. 
Circumference,  106".8=16.8  per  cent  expansion.                                        i 

The  hoop  shortened  rapidly  in  length,  accompanying  the  circumfer- 
ential expansion,  rendering  it  desirable  to  emplov  exterior  staves  act- 
ing a^inst  the  flanges  to  prevent  the  ends  of  tne  hoop  drawing  off  the 
entering  shoulders  of  the  testing  fixture.  The  staves  were  secured  in 
position  by  means  of  a  heavy  encircling  band  and  the  use  of  steel 
wedges.  The  staves  made  contact  with  uie  hoop  against  the  flanges 
and  fillets  only,  clear  space  being  preser\'ed  for  further  exfiansion  at 
the  middle  part  Owing  to  leakage  about  the  packings,  which  mani- 
fested itself  subsequently  to  the  last  period  of  loading,  induced  during 
screwing  down  the  cap  of  the  testing^  fixture  to  shorten  the  attachment, 
it  was  now  necessary  to  apply  the  higher  interior  pressures  by  pump- 
ing directly  into  the  fixture.  Connections  were  maae  with  the  auxiliary 
cylinder,  the  reaction  against  the  piston  was  weighed  upon  the  scale  of 
the  testing  machine  whue  the  pressures  were  advanced  oy  the  accumu- 
lator pump.  For  the  time  being,  the  accumulator  pump  was  worked 
under  higher  steam  pressure  than  usual,  beyond  the  capacity  of  the 
accumulator  itself  and  its  pressure  gauge,  both  of  which  were  tem- 
porarily disconnected,  the  cross-over  connections  with  the  auxiliary 
cylinder  serving  as  the  means  of  arriving  at  the  interior  pressure  of 
tne  hoop. 

The  interior  pressure  was  now  increased  until  the  rupture  of  the 
hoop  was  effected,  which  occurred  under  a  load  of  38,900  pounds  on 
the  piston  of  the  auxiliary  cylinder,  which  gives  4,361  pounds  per 
square  inch  interior  pressure. 

Referred  to  the  original  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  this  interior  pressure  is  125,889  pounds  per  square  inch. 

After  rupture  the  circumference  at  middle  of  length  and  exterior  of 
hoop  measured  108''.38=18.5  per  cent  expansion. 
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At  the  ends  of  the  fiUets,  under  the  flanges,  the  circumferences 
measured  96".42  and  96".37. 

Fracture  began  at  the  exterior  surface  of  the  hoop  ''.9  from  the 
middle  of  its  length,  and  extended  longitudinally  through  each  flange. 
The  fractured  surface  was  granular,  radiating  from  the  point  of  com- 
meDcement.  Along  the  fractured  edge  and  i"  distance  therefrom  the 
metal  was  drawn  down  to  the  following  thicknesses: 


i 

At  frac- 
tured edge. 

A  inch  from 
edge. 

, 

Inch. 

Inch. 

X'M^ 

•1 

.478 

.480 

A-Tf 

Hi 

1 

.486 

.447 

'1 

^ 

.471 

.477 

^ 

The  versed  sines  A  of  chord  at  the  different  quarters  were  2".  84, 
2".  71,  3".10  and  2".96,  the  first  mentioned  being  taken  next  the  line 
of  fracture.  The  present  length  at  the  interior  surface  was  17". 49, 
being  reduced  from  the  original  length  of  20"  in  part  by  the  bulging 
of  the  walls  and  in  part  by  the  successive  facings  in  the  lathe  during 
chamferings. 

The  rent  showed  a  maximum  opening  at  the  place  where  rupture 
began,  and  here  the  fractured  ends  were  8".  12  apart,  at  the  lower  fillet 
7".40,  and  at  the  upper  fillet  7".17. 

An  oblique  fractwre  began  in  the  upper  half,  extending  in  an  irreg- 
ular course  4^".  The  latter  appeared  to  be  a  secondary  line  of  frac- 
ture, developed  in  respect  to  relative  time  after  the  separation  of  the 
metal  in  the  lower  half  of  the  hoop. 

The  metal  along  the  comers  B,  shown  in  the  above  sketch,  was  com- 
pressed during  the  pro&press  of  the  test.  At  comers  C  the  metal  was 
extended,  a  result  which  followed  the  general  distortion  of  the  flanges. 

During  the  last  stage  of  the  test  a  number  of  cracks  having  a  longi- 
tudinal direction  were  developed  on  both  the  exterior  ana  interior 
surfaces.     The  lengths  of  these  cracks  ranged  from  ".05  to  ".18. 


PHOTOGRAPHS  SHOWING  APPEARANCE  OF  STREAKED 

AND  UNSTREAKED  HOOPS  DURING  AND 
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NO.    1  . 

STREAKED  HOOP   17093  B3. 

'-'EAPANCE   OF   PRINCIPAL  SCREAK   AFTER   HOOP   HAD    BEEN   LOADED    //iTh   6^,000   ^t<'; 

f'ER   SQ.   IN.   ^ENSfON.      RUPTURE   SUBSEQUENTLY   OCCURRED   AT  ^h;^   streak. 


NO.  2. 

STREAKED    HOOP   17093  B3.     APPEARANCE   AFTER   FRACTURE. 

^uP^URE    BEGAN   AT   STREAK   AND   EXTENDED    LONGITUDINALLY   ;n    EACH 

DIRECTION   "THROUGH  THE   FLAriGF."^. 


►iFl  t*TfPf     CO   ,    OOSTOM 


NO.   3. 

STREAKED   HOOP    1  7093   B3. 

FRONT  VIEW   OF  THE   LINE   OF   FRACTU»^E   AT   THE    PRINCIPAL  STREAK. 


UO.    4. 

STREAKtO    HOOP   *.  ,0^~'^   n3. 

V  EW  OF  PART  OF  THE   FRACTURED   '^UWJ  ACE.  AT    ^nt    PRINCIPAL    STRRAK. 


o 
o 

I 

u. 

o 


o 


o 

z 

3 


I 
o 

D 

o 


NO.  6, 
U^STP£AKED    HOOP    179^,0    p4 
GE^^Ef^'^L  VIPW  OF   THE    FRACTUPED    SURCA 


-I   O  1  YPF    CO.. 


NO.    7. 
L'NMKEAKfD    HOOP    1  V'.';C,    ^,5_ 
V:,-'//  OP    ^AU^    or    thL   M--/N- HJf;Lr.   '-UKT 


'.  tOTyPE    CO.,     U"".TN 


NO.    8. 

ULf'f^lA'E    D'STOPF'OrJ    C^    "^^^L    TvV.J. 
-r    u^^    £-?   H^OP,   170(3   -i'i,  STRE^KEJ.         THE    t.f;/.Eh    hocp.   ^ '•,>'    .    fc<4.   uN'^    t-fA^i 


Ht  iiOTvl-E    CO   .    fao«.Tn 


NO.  'J. 

hCV\E'<'    S"f-'LAKS   0^J    The   Co"^5'!:E    A'.",    i\S  .'jE   SumF-C: 
VAGN   P  CATION    I    DIAVE'EkS. 


■^  t_  'v^       .  n  .. 


HEi   O"'  >PF    CO   .    B^:;-'  ■)% 


NO.     'C. 


MEL  OT<PF    CO    .    BOS-'OS 


NO.    1  '. 

UNS'REAKED   HOOP   '  795J   34,  ap'ER   ^kactuRE. 

C-ATCR    ^  k.c    CAvTY,   ,^iTERlOft    SURFACE,  Ar.D    INCl-'t'jT    LAE    O-    f^»A:.  "..t^E. 

EX-EPiC»  SLRf^ACE.  RESPEC^I'.El /. 

MAGNlFiCAT'ON   I   L^AME'EP". 


hFI  OTvpe   CO      aos'Ts 
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001EPBS88IOH  TESTS  OF   EOCXEE   BLOCK  AHD  TBAGK  BLOCKS. 

FIKST  SEMES. 

The  material  tested  consisted  of  a  rocker  block  of  cast  steel  and 
track  blocks  of  cast  iron,  cast  steel,  and  forged  steel,  all  of  No.  2 
grade  of  metal.  The  Midvale  Steel  Company  furnished  the  castings 
for  the  rocker  block  and  one  of  the  track  blocks.  A  daplicate  cast 
steel  track  block  was  procured  from  the  United  States  Steel  Company, 
West  Everett,  Mass.  The  cast  iron  and  forged  steel  blocks  were  from 
the  arsenal  shops.  Their  dimensions  were  12"  square  by  6"  thick. 
The  rocker  block  was  tested  successively  with  the  cast  iron  ti^ack 
block,  the  cast  steel  (Midvale)  block,  the  forged  steel,  and  finally  the 
cast  steel  (£verett)  block.  The  working  faces  of  the  blocks  were 
carefully  finished  after  machining,  by  nand  scraping,  to  surfaces 
closely  approaching  true  planes  on  the  track  blocks  and  to  a  cylindrical 
surface  of  114"  radius  on  the  rocker  block. 

In  the  first  series  of  tests  loads  were  applied  not  exceeding  400,000 
pounds.  In  the  second  series  the  full  capacity  of  the  testing  machine, 
bOO,000  pounds,  was  employed.  The  details  of  the  tests  are  reported 
in  the  order  taken.  A  gaug;ed  length  of  5"  was  established  on  the 
ends  of  the  pair  of  bloc£  being  tested,  synmietrical  with  the  junction 
of  the  pieces  and  across  the  middle  of  tneir  width.  The  direct  com- 
pressions of  the  test  pieces  were  determined  by  a  micrometer  covering 
this  gauged  length.  Upon  the  completion  of  the  two  principal  series 
of  oteervations,  sheets  of  thin  tissue  paper,  one  at  a  time,  were  placed 
between  the  working  faces  and  loads  applied  for  the  purpose  of 
securing  an  impression  on  the  paper  representing  approximately  the 
width  of  the  surface  in  contact  at  different  pressures.  This  was 
followed  by  micrometer  observations  on  the  lateral  movement  of  the 
metal  of  the  blocks,  taken  normal  to  the  line  of  pressures  applied,  and 
normal  also  to  the  elemental  line  of  contact  on  tne  working  races,  and 
finally  by  means  of  a  caliper  arm  the  longitudinal  extension  of  the 
metal  of  the  rocker  block  was  determined  in  two  places,  near  the  line 
of  contact  and  at  a  place  nearer  the  middle  of  the  olock.  The  strains 
developed  during  the  tests  were  apparently  within  the  elastic  limits  of 
the  metals,  excepting  in  the  Everett  cast  steel  track  block,  which 
showed  the  presence  of  sets,  slowly  increasing  with  loads  of  600,000 
pounds  and  upward. 

There  were  negative  sets,  generally  of  small  magnitude,  which  per- 
sistently appeared  and  have  not  yet  been  satisfactorily  accounted  for. 
Their  presence  led  to  extended  observations,  which,  while  not  ex- 
plaining the  minus  readings,  showed  otherwise  uniformity  of  behavior 
throughout  the  tests.  The  effects  of  loads  below  100,000  pounds 
pressure  were  observed  to  show  the  general  behavior  and  judge  of  the 
adjustment  of  the  blocks  in  the  testing  machine. 

The  results  with  the  cast  iron  track  block  showed  a  total  compression 
of  ".0030  under  400,000  pounds,  or  ".0025  between  the  loads  100,000 
and  400,000  pounds.  In  like  manner  the  test  with  the  cast  steel  (Mid- 
vale) block  showed  a  total  compression  of  ".0025,  or  ".0020  compression 
above  100,000  pounds  load.  The  forged  steel  and  the  Everett  cast 
steel  blocks  furnished  almost  identical  results  with  the  first  cast  steel 
piece.    With  the  Everett  cast  steel  block  a  series  of  micrometer  read- 
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ings  were  taken  under  both  ascending  and  descending  loads^  wliich 
showed  the  two  paths  coincided. 

Higher  pressures,  increased  to  a  maximum  of  800,000  pounds,  were 
next  applied,  returning  to  the  use  of  the  cast  iron  track  block,  and 
using  tne  succeeding  blocks  in  the  same  order  as  before.  Minus  sets 
still  appeared,  found  upon  release  to  the  initial  load.  Repeated  obser- 
vations showed  a  satisfactory  behavior  in  the  rate  and  uniformity  of 
compression  between  the  limits  of  100,000  and  800,000  pounds.  Dis- 
regarding the  minus  readings,  three  of  the  blocks  endured  the  full  load 
of  the  testing  machine — 800,000  pounds — without  appreciable  injury. 
The  Everett  cast  steel  block  displayed  a  plus  set  after  receiving  a  load 
of  600,000  pounds,  which  was  gradually  increased  under  higher  stresses, 
and  reached  ".0007  after  800,000  pounds  was  applied.  The  rocker 
block  already  having  been  loaded  several  times  with  800,000  pounds, 
this  permanent  set  must  have  been  confined  to  the  track  block  alone. 

The  direct  compression  of  the  individual  blocks  was  next  deter- 
mined. The  gauged  length  of  5"  was  taken  wholly  on  the  rocker 
block,  with  one  extremity  i"  from  the  working  face,  the  other  5i" 
away,  and  making  similar  observations  on  the  track  block.  The 
blocks  compressed  ".0030  and  ".0031,  respectively,  between  the  loads 
100,000  and  800,000  pounds,  aggregating  a  movement  of  ".0061, 
which,  being  greater  than  observed  on  the  gauged  length  taken  2Y' 
on  each  block,  shows  an  appreciable  movement  beyond  the  limits  of 
the  original  gauged  length  taken  from  block  to  block. 

The  next  observations  were  made  on  the  lateral  movement  of  the 
metal  in  the  blocks.  Gauged  lengths  of  5"  each,  across  the  ends  of 
the  blocks^  normal  to  the  direction  of  the  applied  loads,  were  estab- 
lished at  different  distances,  i"  to  6"  from  the  working  faces.  A  few 
measurements  were  made  on  gauged  lengths  of  3"  andy.  The  niore 
complete  results  on  the  5"  gauged  lengths  showed  in  the  rocker  block, 
at  the  distance  of  i"  from  the  working  face,  a  lateral  movement  inward, 
or  of  compression,  of  ".0007.  At  f"  from  the  face  no  lateral  move- 
ment was  found.  At  the  more  remote  distances  of  li"  to  6"  the  lat- 
eral movement  was  in  the  opposite  direction;  that  is,  outward  or  in  a 
tensile  direction,  the  maximum  reading  being  ".0010.  The  cast  steel 
(Everett)  track  block  behaved  in  the  same  manner  and  developed 
strains  of  nearly  the  same  magnitude. 

These  results  on  lateral  movements  show  tjiat  the  blocks,  notwith- 
standing the  rigidity  of  their  proportions  and  the  parts  of  the  testing 
machine  against  which  they  abutted,  acted  as  beams  and  were  sensibly 
bent  by  tne  pressures  employed.  The  metal  on  the  side  directly 
loaded  was  in  compression,  the  opposite  side  in  tension.  The  neutral 
axis  was  not  founa  at  the  center  of  the  cross  section,  but  nearer  the 
working  face.  This  eccentric  position  is  attributed  to  the  combined 
effects  of  the  direct  compression,  tending  toward  lateral  expansion, 
and  the  bending  of  the  blocks  as  beams,  tending  toward  compression 
on  the  side  having  the  working  face. 

Final  observations  were  made  on  the  longitudinal  endwise  extension 
of  the  rocker  block,  measured  by  means  of  a  caliper  arm  over  the  end 
surfaces,  in  a  direction  parallel  to  the  line  of  contact  with  the  track 
block.  At  a  distance  of  i"  from  the  working  face  the  longitudinal 
extension  was  found  to  be  ".0017  under  800,000  pounds,  while  at  a  dis- 
tance of  2i"  from  the  face  the  longitudinal  extension  was  about  one- 
lialf  the  above  amount. 
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A  method  for  the  exact  determination  of  'Hhe  amount  of  elastic  and 
permanent  contact"  has  not  been  found.  There  is  varying  intensity 
of  the  stresses,  due  to  the  shape  and  dimensions  of  the  blocEs,  and  the 
careful  observations  made  indicate  the  direction  and  extent  of  the 
principal  strains  developed  and  help  to  show  the  difficulties  in  any 
attempt  to  determine  with  precision  further  characteristics  of  the 
surfaces.  Tlie  common  method  of  judging,  in  an  approximate  man- 
ner, of  the  extent  of  the  contact  surfaces  was  employed  on  this  occa- 
sion. A  thin  tissue  paper  was  placed  between  the  working  faces, 
different  pressures  applied,  and  tne  impressions  on  the  paper  exam- 
ined. Paper  about  ".0012  thick  was  used.  It  required  10,000  pounds 
compression  to  make  a  permanent  impression.  The  impression,  at 
first  vague,  becomes  more  distinct  as  the  loads  are  increased.  Under 
800,000  pounds  the  width  of  the  impression  was  about  1".8  with  the 
forged  steel  track  block  and  about  2'^ with  the  cast  iron  block. 

General  Results. 


yy<^'y^ 


CoMPBESSiON  Measured  on  a  Gauged  Length  of  5",  One-halp 
THE  Distance  on  each  Block,  and  Across  the  Middle  of 
Width. 

first  series. 

[LcMbdM  between  100,000  pounds  and  400,000  pounds.] 


Applied 

CompreflBion.    Rocker  block  tested  with  track 
blocks  of- 

XSkdM. 

Cast  Iron. 

Cast  steel 

(Midvale). 

Foi^ged 
steel. 

Cast  steel 

(Breiett). 

Pound: 
100,000 
160,000 
200,000 

aoo,ooo 

!      360,000 
100,000 

1 

Inch. 

0. 

.0006 
.0009 

.0018 
.0017 
.0021 
.0026 

Inch, 

0. 

.0004 
.0007 
.0011 
.0016 
.0018 
.0020 

Inch, 

0. 

.0004 
.0007 
.0010 
.0014 
.0017 
.0020 

Inch. 

0. 

.0004 
.0007 
.0011 
.0014 
.0017 
.0020 
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SECOND  8£KI£S. 
[Loads  between  100,000  pounds  and  800,000  pounds.] 


CompreoBion.    Rock  block  tested  with  track  blocks  of— 

Applied   , 
loads. 

Cast  iron. 

Cast  iron, 
block  read- 
justed. 

Cast  steel 
(Midvale). 

Foiled       Cast  steel 
steel.        (Everett). 

Pounds.          Inch. 
100,000           0. 
200,000             .0008 
800,000             .0017 
400,000              .0024 
450,000              .0027 
500,000              .0031 
660,000             .0034 
600,000    ;          .0037 
660,000              .0041 
700,000              .0044 
750, 000              .  0047 

Inch. 

0. 
.0006 
.0017 
.0024 

Inch. 

0. 
.0007 
.0014 
.0020 
.0023 
.0026 
0028 
.0090 
.0033 
.0034 
.0037 
.0089 

Inch. 

0. 

.0006 
.0013 
.0019 
.0021 

■ 

Inch. 

0. 

.0008 
.0014 
.0019 
.0022 

.0031 

.0023 
.0026 
.0029 
.0031 

.0025 

.0028 

a  .0081 

a   nxu 

.0036 

.0042 

.0034    1      a. 0^7 
.0036    ,       a  .0040 

800,000              .0051 

.0047 

.0097 

a  .0043 

«  These  figures  include  set. 

Amount  of  Compression  of  Individual  Blocks. 

ROCKER  BLOCK  AND  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Grauged  lengths  established  as  shown  on  the  above  sket4^5h. 


Applied 
loads. 

Measurements  taken 
on— 

Remarks. 

Rocker 
block. 

Track 
block. 

Pounds. 
100,000 
400,000 
800,000 

Inch. 

0. 

.0014 
.0030 

Inch. 

0. 
.0015 
.0031 

i 
Initial  readiuK.                                                                             \ 

BOOKEB  BLOCK   i^ND  TBACK   BLOCKS. 
LaTEKAL  MoVEBIENT  of  BliOOKS. 


0% 


»5 


A>^/V%A/VA       /«A«\     /\      ^ 


^'^>fe^ 


VW  V   V 


*sr 

Obeervatioiu  on  rocker  block  on  5^  tnuuTerse  ganged  lengths  taken 
at  the  following  dtotancea  irom  the  working  face: 

J  Inch, 

}inch. 

11  inchea. 

2f  inches. 

8i  inchea 

4i  inches. 

6  inches. 

AwMb. 

6,000 

800,000 

Inch. 
0. 
.0007 

Inch. 

0. 

0. 

Inch. 
0. 
.0001 

Inch. 
0. 
.0007 

Inch. 
0. 
.0009 

Inch. 
0. 
.0010 

Inch. 
0. 
.0010 

8"  GAUGED  LENGTH. 


1      800,000 

.0006 

1 

1 

9»  GAUGED  LENGTH. 


i      800,000 

.0006 

'      .0010 

1 

DIRECTION  OF  ABOVE  LATERAL  MOVEMENTS. 


Inward. 

Neutral. 

Outward. 

^sr 

Observations  on  cast  steel  (Everett)  track  block  on  6^  transverse 
ganged  lengths  taken  at  the  following  distances  from  the  working 

i  inch. 

{inch. 

11  inches. 

8i  inches. 

5  inches. 

P&mnd». 
6.000 
800.000 

Inch. 
0. 
.0007 

Inch, 
0. 
0. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0010 

Inch. 
0. 
.0012 

V  GAUGED  LENGTH. 


800,000 

.0014 

DIRECTION  OF  ABOVE  LATERAL  MOVEMENTS. 


Inward. 

Contraction 

in  width. 

Neutral. 

Outward. 
Expansion  in  width  of  the  block. 
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Longitudinal  Extension,  Measured  oveb  ends  of  Rocker  Block. 


Jp-Z^T^^C^Z^O  TX    o^ 


sasLy  '^^S 


^B^ei/'At  to'yt^  O^  oLoCnS. 


Applied 
loads. 

Distance  from  work- 
ing face. 

J  inch. 

2*  Inch. 

5,000 
400.000 
800,000 

0. 

.0007 
.0017 

Inch. 
0. 

.0008 

CHEMICAL  ANALYSES  OP  ROCKER  BLOCK  AND  TRACK  BLOCKS. 


Description. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sul- 
phur. 

Phos- 
phorus. 

ToUl. 

Gra- 
phitic. 

Com- 
bined. 

Cast  steel  rocker  block  and  track 
block  (Mldvale) 

.460 
.340 

.430 

1.182 

.752 
.680 

.762 

.880 

.475 
.211 

.847 

1.800 

.045 
.178 

.070 

.048 

.088 
.037 

.066 

.46, 

Cost  steel  track  block  (Everett).. 

Forged  steel  track  block  (Water- 
town  Arsenal) 

Cast  iron  track  block  (Watertown 
Arsenal) 

S.100 

1.918 
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COKFBSS8I0V  TESTS  OP  A  CAST  STBEL  ROCKEB  BLOCK,  OF  114" 
BABUrS  OP  CUBVATUBE,  WITH  TBACK  BLOCKS  OP  DIPPEBEHT 
METALS. 

DETAII£. 


/>v 


The  compressive  strains  and  sets  measured  on  a  gauged  length  of 
5".  Details  of  the  tests,  first  stage  of  loading,  up  to  4S[),000  pounds 
compression. 

No.  10443. 


CAST  IRON  TRACK  BLOCK. 


/isr/'is^s""     ««*• 

Remarks. 

WrOOO      {      O. 

20,€O0    /     O.                     , 
¥>,0O0    /     O.                     1 
W  OOO    1       •  oooi 

70.000              .«f**5 

m,ooo          -J555 

So*  OOO               -0007 

is  ;i 

m  1  M 

Is  1  B 

Inch. 
0. 

Initial  load. 
Rented  under  load. 

—.0001 

—.0002 

—.0002 

-.0002 

-.0002 

-.0002 

—.0003 
-.0003 

-  .0008 
-.0008 

—.0002 
-.0002 

H-  I>oo.  335 9 


ISO 


BOOKEB  BI.OGK   AND  TRACK   BLOCKS. 
No.  10444. 

CAST  STEEL  (MIDVALE)  TKAGK  BLOCK. 


^sr 

Oompree- 
idon. 

Set 

Remarlu. 

Pounds. 
5,000 
10,000 
80,000 
40,000 
60,000 
80,000 
100,000 
120,000 
160,000 
180,000 
200,000 
220,000 
260,000 
300,000 
860,000 
400,000 
400,000 
400,000 
100,000 

Inch 

0. 

0. 

0. 

.0001 
.0002 
.0008 
.0006 
.0007 
.0009 
.0011 
.0012 
.0014 
.0016 
.0020 
.0028 
.0025 
.0025 
.0025 
.0005 

Inch. 
0. 

Initial  load. 

-.0001 

-.0001 

-.0002 

-.0002 

-.0002 
-.0008 
-.0008 
-.0008 

-.0002 
—.0002 

After  resting  1  hour. 

1 

No.  10445. 

FOBGED  STEEL  TRACK  BLOCK. 


Applied 
loads. 

Comprea- 
■ion. 

Set.                                                 Remarks. 

P&unds. 

5,000 

10,000 

•80,000 

40,000 

50,000 

60,000 

60,000 

80,000 

100.000 

120,000 

160,000 

180,000 

200,000 

220,000 

260,000 

800,000 

360,000 

400,000 

400,000 

400,000 

100,000 

Inch. 

0. 

0. 

0. 
.0001 
.0001 
.0001 
.0002 
.0004 
.0005 
.0006 
.0009 
.0011 
.0012 
.0014 
.0015 
.0019 
.0022 
.0025 
.0025 
.0025 
.0006 

Inch. 
0. 

Initial  load. 

After  resUng  1  hour. 

-.0002 
-.0002 

-.0002 

-.0008 

-.0008 

.0003 

-.0008 
-.0008 

-.0008 
-.0008 
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No.  10446. 

CAST  8TKEL  (EVERETT)  TRACK  BLOCK. 


Aiiplfed 


fliOD. 


Set 


RemsTkB. 


&,000 
10,000 
30,000 
40,000 
SO,  000 
60,000 


100,1 

130,000 

1»,000 

140,000 

200,000 

230,000 

250.000 

900,000 

350,000 

400.000 

400.000 

400,000 

100,000 


Inch. 

0. 

0. 
.0001 
.0002 
.0002 
.0003 
.0004 
.0006 
.0007 
.0010 
.0012 
.0018 
.0015 
.0017 
.0020 
.0023 
.0026 
.0026 
.0005+ 
.0006 


Inch. 
0. 


Initial  load. 


.0002 


.0002 
.0002 


.0002 
.0002 
.0002 


.0004 
.0004 


Alter  reBting  1  hour. 


Rested  oTemight  under  about  1,000  pounds  pressure. 

6,000 
100,000 
400,000 
400,000 
400,000 

SO,  000 

M,000 
100,000 
200.000 
900,000 
400,000 
300.000 
300,000 
100,000 

50.000 


1       Mill 

i  mu 

.6666 

.0025 
.0026 
.0025 

.0001 
.0001 
.0006 

.0013 
.OQSO 

.0020 
.0013 
.0005 
.0001 

-.(MA 

TESTS  OF  BLOCKS  UNDER  HIGHER  PRESSURE, 
No.  ia443a. 

CAST  IRON  TRACK  BLOCK. 


Remarks. 


Initial  load. 


Repeated. 


Micrometer  remoTed,  cleaned,  and  returned  to  position, 


6.000    1 
50.000 
50,000    1 
100,000 
150,000    ' 
1      300,000 
50,000 

0. 
.0006 
.0006 

.0012 
.0016 
.0021 
.0007 
.0012 
.0016 
.0021 
.0016 
.0012 
.0006 
.0025 
.0060 
.0064 
.0004 

0. 

-.0002 

-.0002 

—.0002 

—.0002 

—.0002 

100,000 

1      150,000    < 

200.000 

1      160.000 

1      KOOOO 

Vooo 

290.000 
300.000 

•sts 

-.0002 
-.0004 
— .0006 
-.0006 
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CAST  IRON  TRACK  BLOCK-Gontiiiaed. 


Applied 
loads. 


Pounda. 
100,000 
160,000 
200,000 
260,000 
800,000 
260,000 
200,000 
160,000 
100,000 
60,000 
40,000 

ao.ooo 

20,000 
10,000 

5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
40,000 
80,000 
20,000 
10,000 

5,000 


Gompreti- 
Bion. 


Inch. 

.0011 

.0015 

.0020 

.0025 

.0029 

.0025 

.0020 

.0016 

.0012 

.0005 

.0002 

-.0001 

-.0004 

-.0008 


-.0007 
-.0006 
-.0001 
+.0002 
.0004 
.0002 
-.0001 
-.0005 
-.0008 


Set. 


Inch, 


-.0009 


-.0009 


Remarka. 


Track  block  removed  from  the  testing  machine  and  contact  surface  of  each  block  exam- 
ined by  means  of  surface  plate  and  curvature  gauge.  No  appreciable  change  In  the  shape 
of  the  surfaces  detected.  Track  block  returned  to  the  machine  and  readjusted  against  tne 
rocker  block  and  test  resumed. 


5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

40,000 

30,000 

20,000 

10,000 

5,000 

50,000 

5,000 

100,000 

200,000 

800,000 

1,000 

5,000 

100,000 

200,000 

800,00 

400,000 

800.000 

200.000 

100.000 

5,000 

60,000 

400,000 

400,000 

450,000 

600,000 

60,000 

100,000 

150,000 

200,000 

150,000 

100,000 

60.000 

560,000 

600,000 

660,000 

700,000 

760.000 

800,000 

60,000 

100,000 

150,000 

200,000 

260,000 

800,000 

350,000 


0. 
.0001 
.0002 
.0004 
.0002 
.0001 

0. 
-.0002 


.0004 


.0008 
.0016 
.0025 


.0006 
.0016 
.0024 
.0082 
.0024 
.0016 
.0007 


.0001 
.0032 
.0032 
.0085 
.0039 
.0001 
.0006 
.0011 
.0016 
.0012 
.0007 
.0001 
.0042 
.0045 
.0049 
.0052 
.0056 
.0059 
.0005 
.0010 
.0016 
.0020 
.0024 
.0028 
.0032 


0. 


.0002 


-.0002 
-.0008 
-.0004 
-.0004 
-.0006 
-.0004 


-.0005 
-.0005 

-.0005 
-.OOOf. 
-  .0005 
-.0007 


-.0007 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 


Initial  load.    Micrometer  reset  at  xero. 
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Applied    I  CompreB-  ' 
loads.  lioii.      ' 


Set 


RemarkB. 


Fommds. 
400,000 
8501,000 
800,000 
SO,  000 
200,000 
150,000 
100.000 
50,000 
5,000 
200,000 
400,000 
600,000 


IndL 
.0085 
.0082 
.0028 
.0024 
.0020 
.0015 
.0010 
.0005 

".6626' 
.0085 
.0047 


Inch. 


-.0006 


800,000 

.0060 
.0048 
.0067 
.0021 

600,000 

After  resting  16  hours  under  5,000  pounds  load. 

Alter  resting  under  the  initial  load  80  hours. 
(Temperature  of  room  lower.) 

400,000 

200,000 

5,000 

-.6606 
-.0002 

5,000 

10,000 

-.0001 

0. 

+.0008 
.0005 
.0006 
.0010 
.0018 
.0027 
.0085 
.0042 
.0047+ 
.0068 
.0059 

20,000 

80,000 

40,000 

50.000 
100^000 
200,000 
800,000 
400.000 
500,000 
600,000 
700,000 
800,000 
5,000 

-.0002 
.0002 
-.0002 
—.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
+.0004 

60,000 

.000: 
.0011 
.0015 
.0020 
.0028 
.0028 
.0024 
.0020 
.0015 
.OOU 
.0007 
.0011 
.0020 
.0035 
.0048 
.0060 
.0049 
.0087 
.0022 
.0012 
idjust^. 
.0002 
.0004 
.0008 
.0016 
.0025 
.0082 
.0089 
.0044 
.0050 
.0065 
.0051 
.0045 
.0040 
.0084 
.0027 
.0019 
.0010 
.0004 

.0008 
.0008 

.0017 
.0025 
.0088 
.0026 
.0018 
.0009 
.0004 

100,000 

150.000 

200,000 

2SO.00O 

800,000 

250,000 



200.000 

".'.','.'.".'.'.'.' 

150.000 



100,000 

50,000 
100,000 

.0003 

200,000 

:::::::::::: 

400,000 

600,000 





800,000 

600,000 





400,000 

:::::::::::: 

200,000 

100,000 

Blocks  ra 

5,000 

.6664 

50,000 

100.000 

200,000 

800,000 

400,000 

500,000 

600,000 

700,000 

800,000 

700,000 

600,000 

600,000 

400,000 

800,000 

200,000 

100,000 

50.000 
60,000 

-.0004 

100,000 

200,000 

300,000 

400,000 

800,000 

200,000 
100,000 

SO,  000 

-  .0004 
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No.  10444a. 

CAST  STEEL  (MIDVALE)  TPACK  BLOCK. 


Yosr 

Compres- 
sion. 

Set. 

Remarks. 

Pound9. 

Inch. 

Inch, 

5,000 

0. 

0. 

Initial  load. 

60,000 

.0004 

-  .0001 

100,000 

.0008 

-  .0001 

lfiO.000 

.0012 

-  .0001 

200,000 

.0015 

—  .0001 

260,000 

.0019 

—  .0001 

800,000 

.0022 

-  .0001 

860,000 

.0025 

-  .0001 

400,000 

.0028 

—  .0002 

460,000 

.0081 

—  .0002 

600,000 

.0088 

—  .0002 

660,000 

.0086 

-  .0002 

600,000 

.0088 

-  ,0002 

660,000 

.0041 

-  .0002 

700,000 

.0042 

—  .0002 

760,000 

.0045 

-  .0002 

800,000 

.0047 

-  .0002 

60,000 

.0004 

100,000 

.0008 

200,000 

.0015 

800,000 

.0022 

400,000 

.0028 

600,000 

.0084 

600,000 

.0088 

700,000 

.0048 

800,000 

.0047 

700,000 

.0048 

600,000 

.0089 

^00,000 

.0034 

400,000 

.0029 

800,000 

.0028 

^ 

200,000 

.0016 

100,000 

.0009 

60,000 

.0004 

■*-*.'6665*' 

Rested  under  initial  load  16  hours. 

5,000 

+.0001 



60,000 

0006 

100.000 

.0010 

200,000 

.0016 

800,000 

.0028 

400,000 

.0029 

900,000 

.0028 

200,000 

.0017 

V.W'.V.V.'.V, 

100,000 

.0010 

60,000 

.0006 

'+'.'666i'* 

100,000 

.0010 

200,000 

.0017 

800,000 

.0028 



400,000 

.0029 

500,000 

.0034 

600,000 

.0089 

700,000 

.0044 

800,000 

.0048 

700,000 

.0044 

600,000 

.0089 

600,000 

.0085 

400,000 

.0090 

800,000 

.0024 

200,000 

.0017 

100,000 

.0010 

"*+.666i*' 
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No.  10445a. 

FOBOED  STEKL  TRACK  BLOCK. 


i^isr 

Gompres- 
don. 

Set 

Bemarlu. 

fttmdi. 

Inch. 

Inch. 

i-^ 

0. 

0. 

Inltiftlkwd. 

90,000 

.0006 

0. 

100,000 

.0006 

0. 

]£0,000 

.0012 

0. 

aoo.000 

.0014 

0. 

250,000 

.0018 

0. 

1     300,000 

.0021 

-.0001 

;     350,000 

.0024 

-.0001 

1     «),000 

.0027 

-.0001 

450.000 

.0029 

-.0001 

600,000 

.0031 

-.0001 

560.000 

.0064 

-.0001 

000,000 

.0067 

-.0001 

ffiO.000 

.0099 

-.0001 

700,000 

.0042 

-.0001 

750.000 

.0044 

-.0001 

800.000 

.0045 

—.0001 

50,000 
100.000 
200,000 
300.000 
«0,000 
500^000 
000,000 

.0008 

.0007 
.0015 

.0027 
.0082 
.0087 



700,000 
300,000 
700.000 
•00.000 

.00«2 
.0045 
.0042 
.0067 
.0082 
.0027 

.0015 
.0007 
.0008 

• 

500,000 

«o;ooo 

300,000 
200,000 
100,000 
50,000 

-.0001 

Ho.  10M6a. 

CAST  STEEL  (EVEBETT)  TRACK  BLOCK. 


^fiT 

Com- 
prendon. 

Set 

ftewMTkn. 

ANMdi. 

Inch. 

Inch. 

5,000 

0. 

0. 

Initial  load. 

50,000 

.0008 

0. 

100,000 

.0007 

—.0001 

150,000 

.0012 

-.0001 

200,000 

.0015 

-.0001 

250,000 

.0018 

-.0001 

300,000 

.0021 

-.0001 

360,000 

.0024 

-.0001 

400,000 

.0026 

-.0001 

450,000 

.0029 

-.0001 

500,000 

.0082 

-.0001 

660.000 

.0085 

0. 

600.000 

.0038 

+.0001 

650,000 

.0041 

.0002 

700,000 

.00i4 

.0008 

WO.O0O 

.0047 

.0005 

800,000 

.0060 

.0007 

50.000 

.0012 

i    100,000 

.0016 

200.000 

.0023 

300,000 

.0029 

400.000 

.0084 

600.000 

.0088 

600,000 

.0048 

1     TOOioOO 

.0047 

800,000 

.0051 
.0048 

700.000 

600,000 

.0044 
.0040 

500,000 

400.000 

.0006 

I0O.O0O 

.0080 

200,000 

.0024 

100^000 

.0017 

fiO^OOO 

.0018 

.0008 
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Micrometer  Observations  Taken  on  the  Rocker  Block. 


<r 


Graaged  length  of  5"  established  on  top  surface,  one  extremity  being 
i"  from  the  element  making  contact  witn  the  Track  Block. 

No.  10446b. 

CAST  STEEL  (EVERETT)  BLOCK  USED. 


Y^r* 

Comprefh 
sion. 

Set. 

Remarks. 

PowuU. 
5,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700.000 
800,000 
700,000 
600,000 
500,000 
400,000 
800,000 
200,000 
100,000 

Inch. 

0. 

.0002 
.000^ 
.0012 
.0016 
.0021 
.0024 
.0029 
.0082 
.0029 
.0025 
.0021 
.0017 
.0013 
.0009 
.0002 

Inch. 
0. 

Initial  load. 

• 



-  .0001 

^  Gauged  len^h  of  5"  established  on  the  track  block  opposite  posi- 
tion in  preceding  test,  one  extremity  l)eing  i"  from  the  face  next  the 
rocker  block. 


*« 

Compres- 
gion. 

Bet. 

Remarks. 

Pounds. 
5,000 
100,000 
200,000 
800,000 
400,000 
500,000 
600,000 
700.000 
800.000 
700,000 
600.000 
600,000 
400,000 
800.000 
200.000 
100,000 
800,000 

Inch. 

0. 

.0004 
.0009 
.0014 
.0019 
.0022 
.0026 
.0091 
.0036 
.0081 
.0028 
.0024 
.0019 
.0015 
.0010 
.0005 
.0085 

Inch. 
0. 

InitUl  load. 



.0004 
.0004 
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Transterse  Gauged  Lengths. 
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-> 


ir 


V) 


1 


■<r 


Ganged  lengUui,  5^  each. 

Everett  cast  steel  track  block  used  in  this  and  subsequent  experi- 
ments. 

^No.  10446c. 

OBSERVATIONS  ON  CAST  STEEL  TRACK  BLOCK. 
[Tmurene  gauged  length  taken  i^  from  the  working  face.] 


AD|>lied    ,    Lateral 
kMda.      ImoTement 


Set. 


Remarks. 


Amndf. 
5,000 
200.000 
400,000 
800,000 
800.000 
600,000 
400,000 
200.000 
5,000 


Inch, 

a 

.0002 

.ooos 

.0005 

.0007 
.0005 

.0006 
.0002 
0. 


Inch. 
0. 


Initial  load. 

Movement  is  an  inward  one,  a  contraction  in  width  of 
the  block. 


[TranBYene  gauged  length  taken  1^  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5.000 

0. 

0. 

0. 
.0002 
.0004 
.0002 
.0001 

0. 

0. 

Initial  load. 

Movement  ia  an  outward  one, 
the  block. 

an  expansion  in  width  of 

'"o. 

[Transverse  gauged  length  taken  I''  from  the  working  face.] 


1 

5.000  ; 
200.000  > 
400,000  , 
600.000  1 
800.000  1 
400.000    ' 

5.000    1. 

0. 
0. 
0. 
0. 
0. 
0. 

0. 

Initial  load. 

No  lateral  movement  shown. 

.0001 

OBSERVATIONS  ON  THE  ROCKER  BLOCK. 
[Transverse  gauged  length  taken  y  from  the  working  face.] 


1         6,000 

1    aoo.ooo 

^      0. 

.0001 
.0004 
.0005 
.0007 
.0005 
.0004 
.0002 
0. 

0. 

Initial  load. 

Movement,  a  contraction  in  widtb  of  the  block. 

400. 000 
600.000 

800,000 

600,000 

■     60O;00O 

200,000 
6,000 

0. 

ISS 
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OBSERVATIONS  ON  THE  ROCKER  BLOCK-Continued. 
[Transverae  gauged  length  taken  }''  from  the  working  face.] 


tsr 

Lateral 
movement. 

Set. 

Remarks. 

Foundt. 

5,000 
200,000 
400,000 
600,000 
800,000 
400,000 

6,000 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Inch. 
0. 

Initial  load. 

No  lateral  movement  shown. 

0. 

[Tiansverse  gauged  length  taken  l}''  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 

0. 
.0001 
.0003 
.0004 
.0008 
.0003 
.0001 

0. 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  ganged  length  taken  2^  from  the  working  face.] 


6,000 
200,000 
400.000 
600,000 
800,000 
600.000 
400,000 
200,000 

6,000 

0. 
.0001 
.0008 
.0005 

.0007 
.0005 
.0004 
.0002 
0. 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

[Transverse  gauged  length  taken  3i"  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800.000 
600,000 
400,000 
200,000 

5,000 

0. 
.0008 
.0005 
.0007 
.0009 
.0008 
.0006 
.0008 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  4}"  from  the  working  face.] 


5,000 
200,000 
400,000 
600.000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0002 
.0005 
.0008 
.0010 
.0008 
.0006 
.0004 

0. 

Initial  load. 

Movement,  an  expansion  In  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  5"  from  the  working  face.] 


6,000 
200.000 
400.000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 

.0002 
.0006 
.0008 
.0010 
.0009 
.0007 
.0004 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

BOORSB  BLOOK   AND  TBAC£   BLOCKS. 

OBSERVATIONS  ON  THE  ROCKER  BLOCK-Continned. 
[ObRTTAtioiia  repeated  on  tnuBrene  gauged  length  }"  from  the  working  face.] 


1^9 


issr 

Lateral 

Set. 

Ri^mftr|ci|. 

AiMMic 

S;S 
SKSSS 

20O.OOO 

^ooo 

800,000 
6,000 

Indk. 

0. 
.0001 
.0008 
.0004- 
.0004 
.0004 
.0008 
.0001 

Indk. 
0. 

Initial  load. 

Morement,  a  contraction  in  width  of  the  block. 

0. 

.0004 

0. 

OBSERVATIONS  RENEWED  ON  TRACK  BLOCK. 
[Tiansvene  ganged  length  taken  i"  from  the  working  face.] 


6,000 
200  000 

0. 
0002 

0. 

Initial  load. 

800,000    1          .0004 

OO.OOO    '          -OODII 

800,000 
800,000 
800,000 
200,000 
6,000 

.0007 
.0006 

.0004 
.0002 

0. 

[TranflTeiBe  ganged  length  taken  6"  from  the  working  f&oe.] 


6.000 
200,000 
800,000 

800,000 
800.000 
800,000 
200,000 
6.000 

0. 
.0003 
.0006 
.0009 

.0012 
.0010 
.0006 
.0006 

0. 

Initial  load. 

Movement,  an  expansion  In  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  9y  from  the  working  face.] 


6,000 
200,000 
400,000 
800.000 
800,000 
800.000 
800,000 
200,000 

6,000 

0. 
.0008 

.0006 
.0008 

.0010 
.0006 
.0006 

.0004 

0. 

Initial  load. 

Hoyement,  an  expansion  in  width  of  the  block. 

.0001 

OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK. 
fTransrene  gauged  length  now  reduced  to  8"  and  taken  y  from  the  working  f&oe.] 


6.00O 
200.000 

fiiiSS 

ss;ss 

6.000 

0. 
.0001 
.0006 
.0004 
.0006 
.0008 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 
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OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK— Contlnned. 
[GAUged  length  now  increased  to  9"^  and  taken  y*  from  the  working  face.] 


Y^r 

Lateral 
movenent. 

Set 

Remarka. 

Potmds. 

6,000 
200,000 
400,000 
600,000 
800.000 
400,000 

5,000 

Inch. 

0. 
.0001 
.0003 
.0006 
.0006 
.0004 

Inch. 
0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

[Gauged  length  9"  long  taken  &*  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0006 

.0009 
.0012 
.0016 
.0015 
.0011 
.0007 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

OBSERVATIONS  ON  TRACK  BLOCK  AGAIN  MADE. 
[Gauged  length  of  9"  taken  5"  from  the  working  face.] 


5,000 

0. 

200,000 

.0004 

400,000 

.0008 

600,000 

.0012 

800,000 

.0014 

600.000 

.0013 

400,000 

.0010 

200,000 

.0006 

5.000 

0. 


.0001 


Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 


OBSERVATIONS  ON  THE  ROCKER  BLOCK. 

[Measurements  taken  bv  means  of  a  caliper  over  the  length  of  the  rocker  block,  in  a  direction  par- 
allel to  the  contact  elemenis  and  i"  from  the  working  face,  at  the  middle  of  the  width  of  the 
block.] 


Ycsr 

Longitudinal 
extension. 

Remarks. 

Pounds. 

6,000 
400,000 
800,000 

6,000 
800,000 

5,000 

Inch. 
0. 

.0007 
.0017 
.0002 
.0017 
0. 

Initial  load. 

[Longitudinal  measurementB  taken  at  a  distance  of  2k*'  from  the  working  face.  Taken  in  a  line  with 
one  extremity  of  the  original  5^  gauged  length  established  for  measuring  the  direct  compression  of 
the  blocks.] 


5,000 

0. 

800,000 

.0008 

5,000 

0. 

800,000 

.0006 

5,000 

0. 

[Caliper  returned  to  position  on  the  length  taken  l**  from  the  working  face.] 


5,000 

800,000 

5,000 

0. 

.0016 
0. 

Initial  load. 
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C0MPRS88I0H  TESTS  OF  BOCK£B  BLOCK  AHD  TBACK  BLOCKS. 

SECOND  SERIES. 
BLOOKS  OF  KEDUOED  LENGTHS. 

The  rocker  block  and  track  blocks  were  each  cut  into  two  parts  and 
teste  made  on  parts  which  were  6"  long.  The  tests  were  conducted  in 
the  same  order  as  in  the  original  senes  which  were  made  when  the 
blocks  were  12"  long,  first  loading  the  rocker  block  with  the  cast  iron 
track  block.  Compressions  were  measured  on  a  gauged  length  of  6", 
taken  at  the  middle  of  the  widths  of  the  blocks.  After  each  increment 
the  stress  was  reduced  to  the  initial  load  and  the  sets  determined. 
There  were  apparently  minus  sets  developed  under  the  earlier  loads, 
which  reached  a  maximum  of  —".0003  after  250,000  pounds  had  been 
applied.  At  550,000  pounds  the  set  was  in  a  plus  direction,  and  from 
this  load  onward  there  was  a  progressive  gain,  which,  after  the  appli- 
cation of  800,000  pounds,  was  ".0019. 

A  series  of  observations  was  next  taken  under  ascending  and  de- 
scending stresses.  The  second  application  of  800,000  pounds  increased 
the  set  only  ".0001.  The  blocks,  however,  having  talcen  jointly  a  set 
of  ".0020,  a  part  of  which  set  was  in  each  block,  it  was  necessary  to 
rescrape  the  rocker  block  to  restore  its  working  face  to  the  prescribed 
curvature,  114"  radius.  The  other  three  tracK  blocks  were  in  turn 
loaded  in  the  same  manner  as  above  described.  The  pennanent  sets 
developed  under  the  maximum  load  applied,  800,000  pounds,  the 
capacity  of  the  testing  machine,  were  as  follows: 


Tests  made  with  the— 


Set. 


Cart  iron  track  block 

Cant  steel  (MidTale)  track  block . 

Foxged  steel  track  block 

Out  steel  (Everett)  track  block. . 


Inch. 
.0019 
.0012 
.0006 
.0041 


Observations  on  the  lateral  movement  of  the  blocks  next  followed, 
ending  with  further  measurements  of  the  direct  compression,  or  the 
apparent  direct  compression  of  the  rocker  block  with  the  cast  steel 
(Everett)  track  block  on  gauged  lengths  at  the  middle  of  the  width  of 
the  blocks,  near  the  sides  ana  at  intermediate  places. 

Referring  to  the  numerical  values  obtained  on  the  direct  compres- 
sion of  the  blocks,  in  comparison  with  the  results  found  when  the 
blocks  were  of  full  length,  it  appears  that  the  relative  compression  is 
less  now  than  in  the  earlier  tests,  comparing  the  effects  according  to 
the  loads  per  linear  inch  of  contact  surface.  The  following  tables  are 
prepared  to  illustrate  the  comparative  behavior  of  the  blocks  when  of 
roll  length,  and  at  the  present  time  when  shortened  one-half.    The 
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figures  pertaining  to  the  6''  blocks  are  deduced  from  the  series  of 
ascending  and  descending  loads. 


OBSERVATIONS  ON  COMPRESSION  OF  THE  ROCKER  BLOCK. 

USED  WITH  CAST  IRON  TRACK  BLOCK. 
[Gauged  lenffth  of  6^,  t&ken  2i"  on  each  block.] 


Applied 
londR. 

Bloclw  12r 
long. 

Blocks  6* 
long. 

Remarks. 

Poundi. 

Inch. 

Inch. 

100,000 

0. 

0. 

Initial  reading. 

200,000 

.0008 

.0011 

800,000 

.0017 

.0020 

400,000 

.0024 

.0028 

600,000 

.0081 

.0087 

000,000 

.0086 

.0046 

700,000 

.0042 

.0052 

800,000 

.0047 

.0061 

USED  WITH  CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


100,000 

0. 

0. 

Initial  reading. 

200,000 

.0007 

.0009 

300,000 

.0014 

.0016 

400,000 

.0020 

.0028 

600,000 

.0026 

.0029 

600,000 

.0080 

.0036 

700,000 

.0084 

.0048 

800,000 

.0089 

.0049 

USED  WITH  FORGED  STEEL  TRACK  BLOCK. 


100,000 

0. 

0. 

200,000 

.0006 

.0009 

300,000 

.0018 

.0016 

400,000 

.0019 

.0022 

600,000 

.0028 

.0028 

600,000 

.0029 

.0086 

700,000 

.0084 

.0041 

800,000 

.0087 

.0047 

Initial  reading. 


USED  WriH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


100,000 

0. 

0. 

Initial  reading. 

200,000 

.0008 

.0006 

800,000 

.0014 

.0012 

400,000 

.0019 

.0017 

600,000 

.0025 

600,000 

a. 0080 

.0027 

700,000 

a. 0084 

.0082 

800,000 

a. 0086 

.0087 

a  Sets  deducted;  redltent  movement  given. 

An  inspection  of  the  above  tables  shows  the  compressive  strains  in 
the  half  blocks  proportionally  less  than  in  the  whole  blocks,  the  differ- 
ence almost  disap^aring  in  the  case  of  the  Everett  cast  steel  track 
block.  The  condition  of  the  Everett  block  at  the  time  this  comparison 
is  made  in  some  degree  explains  the  behavior  displayed,  since  it  had 
received  a  greater  permanent  set  than  the  other  blocks,  thereby 
increasing  the  contact  surface. 

Measurements  of  the  strains  in  a  lateral  direction  indicate  some  of 
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the  resultant  movements.  Both  blocks  considered  as  beams  show 
decided  bending  mider  load,  as  evinced  by  the  lateral  movements 
observed  on  the  gauged  lengths  established  normal  to  the  direction  of 
loading,  and  taken  at  varying  distances  of  i"  to  6"  from  the  working 
faces.  The  neutral  axes  for  the  lateral  strains  were  eccentric,  as 
before  observed,  but  appeared  to  be  slightly  more  removed  from  the 
working  faces  than  in  the  earlier  series  of  tests,  in  this  respect  the 
blocks  of  reduced  lengths  showing  greater  freedom  in  bending.  The 
depths  of  the  blocks  necessarily  influence  their  bending  resistance, 
which  would  be  further  modified  by  the  support  received  from  the 
buttresses  of  the  testing  machine.  The  distortion  in  these  tests  is 
thought  to  be  largely  due,  however,  to  the  dimensions  of  the  blocks, 
insufficient  depth  of  metal  being  present  to  resist  the  pressures  applied. 
Both  blocks  bend  and  develop  lateral  strains  not  unlike,  althou^  the 
rocker  block  rested  against  an  auxiliary  buttress  4"  deep,  while  the 
track  block  was  reenforced  by  a  buttress  lOi"  deep,  each  clamped  in 
the  heads  of  the  testing  machme. 

Observations  on  direct  compression,  as  shown  by  the  measurements 
on  gauged  lengths  established  parallel  to  the  direction  of  loading,  were 
renewed.  Across  the  middle  of  the  width  of  the  blocks,  on  a  gauged 
length  of  10",  the  coBapressive  strain  observed  was  ".0079  for  a  load 
of  800,000  pounds.  One-fourth  inch  from  side  A  the  movement  was 
".0139,  and  the  same  distance  from  side  B  there  was  a  movement  of 
".0167,  while  at  intermediate  places  the  movements  were  ".0100  and 
".0114.  As  the  ends  closed  ".0139  and  ".0157,  respectively,  the  mean 
being  ".0148.  and  the  middle  closed  ".0079,  there  is  a  difference  shown 
of  ".0069,  wnich  is  taken  to  indicate  the  aggregate  bending  of  both 
blocks.  The  closing  in  at  opposite  ends  was  not  alike.  This  depends 
upon  the  accuracy  of  the  adjustment  of  the  blocks  in  the  testing 
machine  initially,  and  upon  their  symmetrical  yielding  when  permanent 
sets  are  developed  by  tne  higher  loads. 

In  order  to  illustrate  the  effect  of  change  of  position,  the  adjusting 
screws  of  the  testing  machine  were  moved  one  turn  toward  side  A, 
whereupon  the  resilient  movements  at  sides  A  and  B  became  ".0120 
and  ".0180,  reapectively.  A  change  in  position  in  the  opposite  direc- 
tion of  one  turn  of  the  screws  as  before,  and  the  movements  at  sides 
A  and  B  now  were  ".0158  and  ".0121,  respectively. 

GENERAL  RESULTS. 


Compression  measured  on  a  gauged  length  of  5",  one-half  of  the 
distance  taken  on  each  block,  and  at  the  miadle  of  the  width, 
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riRST  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Compression.    Rocker  block  tested  with  track 

blocks  of— 

Y^f 

Cast  iron. 

Caot  steel 
(Midvale). 

Fonfed 
steel. 

Inch. 

Cast  steel 
(Everett). 

Pounds. 

Inch. 

Inch. 

Inch. 

100,000 

0. 

0. 

0. 

0. 

160,000 

.0006 

.0006 

.0005 

.0005 

200,000 

.0011 

.0011 

.0009 

.0009 

250,000 

.0017 

.0016 

.0014 

.0018 

300,000 

.0022 

.0020 

.0017 

.0016 

360,000 

.0027 

.0023 

.0021 

.0020 

400,000 

.0031 

.0027 

.0024 

.0023 

460,000 

.0036 

.0080 

.0027 

.0026 

600,000 

.0042 

.0034 

.0080 

.0029 

660,000 

.0048 

.0088 

.0034 

.0034 

600,000 

.0054 

.0041 

.0037 

.0040 

660,000 

.0060 

.0045 

.0041 

.0060 

700,000 

.0067 

.0060 

.0044 

.0067 

760,000 

.0073 

.0066 

.0049 

.0065 

800,000 

.0080 

.0061 

.0054 

.0072 

The  above  compressions  include  the  permanent  sets  developed  by 
the  several  blocks  when  the  loads  were  applied  for  the  first  times,  sets 
generally  appearing  after  loads  of  500,000  pounds  and  upwards  were 
applied. 

SECOND  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Compression.    Rocker  block  tested  with  track 

blocks  of— 

Applied 
loads. 

Cast  iron. 

Cast  steel 
(Midvale). 

"IS^ 

Cast  steel 
(Everett). 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

100,000 

0. 

0. 

0. 

0. 

200,000 

.0011 

.0009 

.0009 

.0006 

800,000 

.0020 

.0016 

.0016 

.0012 

400,000 

.0028 

.0023 

.0022 

.0017 

600,000 

.0087 

.0029 

.0028 

.0022 

600,000 

.0046 

.0086 

.0035 

.0027 

700,000 

.0062 

.0043 

.0041 

.0082 

800,000 

.0061 

.0049 

.0047 

.0037 

Lateral  Movement  of  Blocks. 

Gauged  lengths. 


<-  e'-f 
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The  direction  of  the  lateral  movement  is  stated  in  the  notations  at 
the  foot  of  the  tables. 


*«£ 


lied 


Obdcrvations  on  rocker  block  on  6"  transTerse  gauged  lengths  taken 
at  the  following  dlfltances  from  the  working  face: 


iinch.       5  inch.    U  inches.  ,2]  inches. 


6.000 
800.000 


Inch.  Inch. 

0.  I    0. 

.0016    I      .0003 
Inward. 


Inch. 
0. 
.0001 


3i  inches.  4}  inches. 


/ficA. 
0. 
.0010    '      .0014 
Outward. 


Inch.     I     Inch. 
0.  I    0. 


6  inches. 


Inch. 


.0015    !      .0019 


Applied 
loadft. 


Obserrations  oncantNtcel  (Everett)  track  block  on  .V  tranNversegaiigcHl 
!       lengthit  taken  at  the  following  dintanceM  from  the  working  fiice: 


Pounds. 
6,000 

mo.  000 


•  inch.    I    J  inch. 

I 

Inch.      !     Inch. 
0.  0. 

.0021    I      .0006 
Inward. 


Ik  Inches.'il  inches. '3i  inches., 41  inchcj*.  flinches. 


-I- 


Inch.     I  Inch. 
0.     I  0. 
.0008  I   .0009 


Inch.     \  Inch. 

0.  0. 

.0014  I  .0016 
Outward. 


Itich. 
0. 
.0021 


Comparison   of  the   Dibect  Compbession  of  the  Blocks  taken 
AT  Diffebent  Places  on  theib  Widths. 

Gauged  lenffthn. 
Jf 


ROCKER  BLOCK  USED  WITH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 
[Gauged  lengths,  10».) 


Applied 
loads. 


Compression  on  gauged  lengths  at— 


i  inch  from;  Z\  inches 
side  A.      from  side  A. 


6,000 


800,000    I 


Inch. 
0. 
.0139 


Inch. 
0. 
.0100 


Middle  of 
width. 


Inch. 
0. 
.0079 


^  inches  '      J  inch 
from  side  B.  from  sideB, 


Inch. 
0. 
.0114 


Inch. 
0. 
.0157 


Adjusting  screws  of  testing  machine  moved  one  turn  towarrl  side  A. 

800,000    ,         .0120    1 1 1 0180 

Adjusting  screws  of  testing  machine  moved  one  turn  toward  side  B. 

800,000    I         .0168    I I I         .0121 


H.  Doc.  336- 


-10 
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BOOKEB   BLOCK   AND  TBACK   BLOCKS. 


BSCOVD  BEEIEB  OF  C0MPSE88I0H  TSBTB  OF  A  CABT  BTEEI. 
BOCK£B  BLOCK,  OF  114''  BABIUB  OF  CTJBVATTJBE,  WITH  TBACK 
BLOCKB  OF  DIFFEBEirr  XBTALB. 

DETAILS. 


BLOCKS  OF  KEDUCED  LENGTHS. 


The  rocker  block  and  track  blocks  were  cut  into  two  parts,  6"  and 
6". 3  long,  respectively.     Test  were  resumed  on  the  parts  6"  long  each. 


vo 


CAST  STEEL  (MID  VALE)  ROCKER  BLOCK  USED  WITH  TRACK  BLOCKS 
OF  DIFFERENT  METALS. 

No.  10443d. 


CAST  IRON  TRACK  BWK^K. 


YoSf 

sion. 

1 

Bet. 

Remarks. 

Pounds. 

i 
Inch. 

Inch. 

5,000 

0. 

0. 

Initial  load. 

60,000 

.0006 

-.0001 

100,000 

.0013 

-.0001 

160,000 

.0019 

-.0001 

200.000 

.0024    ; 

-.0002 

260,000 

.0090 

-.0008 

800,000 

.0085 

-.0008 

860,000 

.0040 

-.0008 

400,000 

.0044 

—.0008 

460,000 

.0049    1 

-.0002 

600,000 

.0066    1 

-.0001 

660,000 

.0061 

+.0002 

600,000 

.0067 

.0006 

Rested  under  25,000  poundn  16  hoiini. 

No  cbann^  in  perma* 

660,000 

.0078 

.0007 

nent  set 

700,000 

.0080 

.0011 

760,000 

.0066 

.0014 

BOOKEB   BLOCK   AND  TRACK   BLOCKS. 
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CAST-STEEL  {MIDVALE)  ROCKER  BLOCK,  ^TG— Continued. 
CAST  IRON  TRACK  BLOCK-Oontinued. 


Applied      Compres- 
loads.            don. 

Set 

Remarks. 

PoynuU. 
800,000 

100,000 
200,000 
300,000 

Inch, 
.0098 

.0083 
.0044 
nnni 

Inch. 
.0019 

400,000              .OOfil 

500,000 
600,000 
700,000 
800,000 
700,000 
600,000 
500,000 
400,000 
300,000 
200,000 
100.000 

.0070 
.0079 
.0065 
.0094 
.0086 
.0080 
.0078 
.0065 
.0066 
.0047 
.0086 

.0020 

An  examination  of  the  working  faces  of  the  rocker  and  track  blocks 
showed  the  surfaces  to  be  concave  ".001  +  each,  the  result  of  the 
permanent  set  acquired  during  the  test. 

Placing  tissue  paper  (about  ".0012  thick)  between  working  faces  of 
rocker  and  track  blocks  and  applying  pressure,  the  impression  left  on 
the  paper  measured  about  2".46  and  3". 20  wide  for  loads  of  400,000 
and  800,000  pounds,  respectively. 

ROCKER  BLOCK  RE8CRAPED  TO  PRESCRIBED  CURVATURE,  IW 

RADIUS. 

No.  10444d. 

CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


^^t 

Compres- 
rion. 

Set. 
Inch. 

Remarks. 

Pounds. 

Inch. 

6.000 

0. 

0. 

Initial  load. 

50,000 

.0007 

0. 

100,000 

.0014 

0. 

150,000 

.0020 

0. 

200,000 

.0025 

0. 

280,000 

.OOSO 

0. 

300,000 

.0084 

0. 

360,000 

.0037 

0. 

400,000 

.0041 

0. 

450,900 

.0044 

0. 

600,000 

.0048 

+.0001 

560,000 

.0052 

.0001 

600,000 

.0056 

.0002 

650,000 

.0069 

.0004 

700,000 

.0064 

.0006 

750,000 

.0069 

.0009 

800,000 

.0075 

.0012 

100,000 

.0026 

200,000 

.0035 

300,000 

.0042 

400.000 

.0049 

600,000 

.0055 

600,000 

.0062 

700.000 

.0069 

800.000 

.0075 

700,000 

.0070 

600.000 

.0064 

500,000 

.0067 

400,000 

.0060 

800,000 

.00«4 

200,000 

.0066 

100.000 

.0027 

.0014 
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No.  10445d. 

FORGED  STEEL  TRACK  BUXJK. 


Applied 

Compres- 

Be.      1 

loads. 

sion. 

Pounds, 

Inch. 

Inch.      , 

6,000 

0. 

0.           1  IniUal  load. 

60,000 

.0007 

0.           1 

100,000 

.0012 

0. 

160,000 

.0017 

0.         ; 

200,000 

.0021 

+.0001 

250,000 

.0026 

.0001 

300.000 

.0029 

.0001 

350,000 

.0088 

.0001 

400.000 

.0066 

.0001 

460,000 

.0039 

.0001 

600,000 

.0042 

.0001 

660.000 

.0046 

.0001 

600,000 

.0049 

.0002 

660,000 

.0063 

.0002 

700.000 

.0066 

.0004 

760,000 

.0061 

.0006 

800,000 

.0066 

.0008 

100,000 

.0020 

200,000 
300,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600,000 
600,000 
400,000 
300.000 

.0029 

.0086 



.0042 

.0048 

.0055 

...... ....%. 

.0061 

.0067 

.0062 

.0066 

.0061 

.0044 

.0038 

200,000 
100,000 

.0081 

.0022 

.0010 

Remarks. 


Applied 
loads. 


Pounds. 
6,000 
50,000 
100,000 
160,000 
200,000 
250,000 
300.000 
350,000 
400.000 
450,000 
500,000 
550.000 
600,000 
650.000 
700,000 
750,000 
800,000 

100.000 
200,000 
300,000 
400,000 
500,000 
600,000 
700,000 
800,000 
700,000 
600,000 
500,000 
400.000 
300,000 
200,000 
100,000 


No.  10446d. 

CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Compres- 
sion. 


Remarks. 


Inch. 

0. 
.0008 
.0012 
.0017 
.0021 
.0026 
.0028 
.0032 


.0041 
.0046 
.0062 
.0062 
.0069 
.0077 
.0084 

.0049 
.0055 
.0061 
.0066 
.0071 
.0076 
.0081 
.0086 
.0083 
.0079 
.0074 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0006 
.0011 
.0020 


.0041 


.0061 
.0068 
.0062 


.0043 


Initial  load. 


aOCKEB   BLOCK   AIO)   TRAOK   BL00K8. 
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G<^uged  lengthn. 


149 


OBSERVATIONS  ON  CASTS  TEEL  {EVERETT)  TRACK  BLOCK;  TRANS 
VERSE  GAUOED  LENGTH  5'', 

No.  10446e. 

[y  from  the  working  face.] 


Applied 

lOAdS. 

1    Lateral 
movement. 

Set. 

Remarks. 

5.0OO 
200,000 

Inth, 

0. 
.0010 
.0015 
.0019 
.0021 
.0019 
.0015 
.0010 

Inch. 
0. 

Initial  load. 

Movement  is  an  inward  one  a  contraction  in  the  width 

4Q0  000 

of  the  block 

GOO.  000 
ilX>,000 

600.000 
400  000 

200,000 

5,000 

0. 

[6^  ganged  length,  l"  from  the  working  face.] 


1 

5.000 

0. 

200.000 

.0004 

1      400.000 

.0006 

600.000 

.0007 

MO.00O 

.0006 

!      600.000 

.0006 

,      400,000 

.0005 

1      200,000 

.0005 

'      200.000 

.OOM 

'      400.000 

.0005 

1      600.000 

.0006 

800.000 

.0006 

600,000 

.0006 

400,000 

.•0005 

200.000 

.0004 

,      100,000 

.0008 

'        50,000 

I 

.0001 

Initial  load. 

Movement  in  a  contraction  in  width. 


[5^  gauged  length,  W  from  the  working  face.) 


5,000 

0. 

aoo.ooo 

+  .0001 

400.000 

0. 

900,000 

—  .0001 

80O.OOO 

-  .0008 

600,000 

-  .0001 

400.000 

0.    - 

200,000 

+  .0001 

Initial  load. 

Movement  is  a  contraction  in  width  at  200,000  pounds, 
return  to  original  length  at  400,000  pounds,  and  an  ex- 
pansion at  600,000  and  800,000  pounds. 
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OBSERVATIONS  ON  CAST  STEEL   (EVERETT)  TRACK  BLOCK,   ETC.— 

Continued. 


[6^  gaufred  length,  21"  from  the  working  face.) 

*,sr 

Lateral 
movement. 

Set. 

Inch, 
0. 

Remarks. 

Pounds. 
5,000 
200,000 
400.000 
600,000 
800,000 
600,000 
400,000 
200,000 
100,000 

Inch. 

0. 

0. 

.0006 
.0009 
.0006 
.0004 
.0001 
.0001 

Movement  fa  an  expansion  in  width. 

0. 

5,000 
200.000 
400,000 
600,000 
800,000 
600.000 
400,000 
200,000 


[y  ganged  length,  8^  from  the  working  face.] 


.0002 
.0006 
.0010 
.0014 
.0011 
.0007 
.0004 


Initial  load. 

Movement  is  an  expansion  in  width. 


[5^  gauged  length  4j^  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400.000 
200,000 

0. 
.0004 
.0008 
.0013 
.0016 
.0014 
.0011 
.0006 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

0. 

[5"  gauged  length  &*  from  the  working  face.] 


5,000 
200,000 
400,000 

0. 
.0005 
.0010 
.0016 
.0021 
.0019 
.0015 
.0009 
.0005 
.0003 

0. 

InitUl  load. 

Movement  is  an  expansion  in  width. 

600.000 

800,000 

600.000 

400.000 

200,000 
100.000 

50.000 

0. 

OBSERVATIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK;  TRANSVERSE 

GAUGED  LENGTH  5'\ 

[Taken  i"  from  the  working  face.] 


Applied 
loadB. 

Lateral 
movement. 

Set. 

Remarks. 

I'&undt. 
5,000 
200.000 
400,000 
600.000 
800,000 
600,000 
400,000 
200,000 

Inch. 

0. 

.0006 
.0009 
.0018 
.0016 
.0014 
.0010 
.0005 

Inch. 
0. 

Initial  load. 

Movement  fa  a  contraction  in  width. 

0. 

BOOKER   BLOOK   AND  TRAOK   BL00K8. 
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OBSERVATIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK,  J?7Y7.— Continued. 
[5^  gauged  lenth  {"  from  the  working  face.] 


l^iSSf 

Lateral 
moTement. 

Set. 

Remarks. 

Pioundt.          Inch, 

6,000           0. 
200,000              -0001 

Inch. 
0. 

Initial  load. 

Movement  in  a  contraction  in  width. 

400,000 

.0001 
.0001 
.0008 
. 000ft 

600,000 

800.000 

600,000 

400,000              .0002 

200,000 

.0001 

0. 

[5^  ganged  length  U"  from  the  working  face.] 


5,000 
200,000 
400,000 
600.000 
800,000 
600,000 
400,000 
200.000 


.0001 
.0002 
.0003 
.0004 
.0008 
.0002 
.0001 


0.    .         IniUalload. 
I Movement  Is  an  expansion  in  width. 


[5''  gauged  length  21"  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 

0. 
.0002 
.0005 
.0008 
.0010 
.0008 
.0005 
.0008 

0. 

200,000 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 


[y  gauged  length  8i"  from  the  working  faee.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
.0004 
.0007 
.0010 
.0014 
.0011 
.0006 
.0004 

0. 

InitUl  load. 

Movement  is  an  expansion  in  width. 

^' 

[5"  gauged  length  4\*'  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
.0004 
.0008 
.0011 
.0015 
.0013 
.0010 
.0005 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

1 

0. 

[y  gauged  length  6"  from  the  working  face.) 

5,000 
200,000 
400,000 

800,000 
600,000 
400,000 
200,000 
100,000 
60.000 

0. 
.0006 

.0011 
.0016 
.0019 
.0017 
.0013 
.0007 
.0004 
.0002 

0. 

Initial  load. 

Movement  Is  an  expansion  in  width. 

6.+ 
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Obsekvations   on   the   Dikect  Compression  of  the  Blocks 

Renewed. 

Gauged  length*. 


<^ 


CAST  STEEL  {EVERETT)  TRACK  BLOCK,  5"  GAVGED  LENGTH. 

No.  10446f. 

[Side  A,  }"  from  Hlde«  of  blocks.] 


Applied 
loadH. 


THmndt. 
6,000 
100,000 
200,000 
300.000 
400.000 
600,000 
GOO. 000 
700,000 
800.000 
700,000 
600,000 
600,000 
400,000 
900,000 
200,000 
100,000 


6,000 
100,000 
200,000 
300,000 
400,000 
600,000 
f)00,000 
700,000 
800,000 
700.000 
600,000 
600,000 
400,000 
300,000 
200,000 
100,000 


Comprfw- 
sdon.       I 


Inch. 
0. 

.0024 

.0043 

.0068 

.0074    I 

.0088 

.0102 

.0116 

.0129    , 

.0118    ' 

.0106 

.0094 

.0080 

.0066 

.0047 

,0027 


Set. 


Inch. 
0. 


.0001 


RemarkH. 


Initial  load. 


[5"  Kauf^ed  lenKlh,  Hide  B,  »"  from  the  sldcH  of  the  blocks.] 


0.  0. 

.0028     

.OOIS     

.0067      

.0085    I 

.0101      

.0117      

.0133      

.0148     

.0136     

.0121      

.0107      

.0091      

.0073      

.0063      

.0030  0. 


Initial  load. 
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CAST  STEEL  (EVERETT)  TRACK  BLOCK,  5''   GAUGED   LENGTH-^Con- 

tinued. 


Applied 
loads. 


Poundt. 
6.000 
100,000 
200.000 
300,000 
400,000 
500,000 
600.000 
700,000 
800,000 


[10"  KAUged  length,  fiide  A,  y*  from  sides  of  the  blocks.] 


Compres- 
sion. 


Bet. 


Inch. 

0. 
.0025 
.0045 
.0063 
.0079 
.0093 
.0109 
.0126 
.0139 


Inch. 
0. 


Remarks. 


Initial  load. 


[lU^  gauged  length  at  middle  of  width  of  blocks.] 


5,000 
100,000 
200,000 
300,000 
400.000 
500.000 
600.000 
700,000 
800.000 

0. 
.0011 
.0021 
.0081 
.0041 
.0051 
.0060 
.0069 
.0079 

0. 

Initial  load. 

0. 

5.000 
100,000 
200.000 
300.000 
400.000 
600.000 
600.000 
700,000 
800.000 


[lO''  gauged  length,  side  B,  y'  from  sides  of  the  blocks.] 


.0027 

0. 

.0049 

.0069 

.0068 

.0106 

.0124 

.0140 

.0167 

0. 

Initial  load. 


0. 
.0016 
.0030 
.0043 
.0054 
.0067 
.0078 
.0090 
.0100 

[10"  gauged  length.  3*' 

'  from  side  A.] 

5,000 
100,000 
200,000 
300,000 
400.000 
500.000 
600,000 
700,000 
800,000 

0. 

Initial  load. 

0. 

[10"  gauged  length,  3i"  from  side  B.] 


5,000 

0. 

100,000 

.0017 

200,000 

.0084 

300.000 

.0048 

400.000 

.0063 

500.000 

.0075 

600.000 

.0087 

700,000 

.0100 

800,000 

.0114 

IniUal  load. 
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Horizontal  adjusting  screws  of  testing  niai^hine  holder  moved  one 
turn  toward  side  A. 


[ObflervationM  repeated  on  lO'''  gaaged  length  ^  from  Hide  A.] 


Applied       Comprefl- 
loads.      '      sion. 


Pounds.    I       Inch. 

6,000 
400,000 
800,000 
800,000 


5,000 
400,000 
800,000 


.0127 
.0181 


RemarkK. 


Inch. 
0. 


Initial  load. 


.0007 
.0011 


[10^  gauged  length  ^  from  side  B.] 


.0104 
.0181 


.0001 


Initial  load. 


Adjusting  screws  moved  two  turns  in  the  direction  B,  the  blocks 
now  being  one  turn  toward  B  l)eyond  their  original  position. 


5,000 
400.000 
800,000 


.0066 
.0125 


[lO'''  gauged  length  i**  from  side  A.] 


^ffsr 

Compres- 
Rlon. 

Set. 

Pounds. 
5,000 
400,000 
800,000 
800,000 

Incti. 

0. 
.0140 
.0192 
.0194 

Inch.       1 

0.            { 

.oosi   1 

.0086    1 

Kt>markK. 


Initial  load. 


[10"  gauged  length  i"  from  side  B.] 


.0004 


Initial  load. 
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TSH8ILE  TESTS— SPECIMBHS  FEOM  BOCKEB  BLOCK  AND  TBACK 

BLOCKS. 

No.  7455. 

Specimen  from  cast  steel  rocker  block. 

Marks,  R. 

Diameter  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


fnuare 
inch. 

Elongation 
per  Inch. 

SucceniTe 
elongation 
per  inch. 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1.000 
5,000 
10,000 
20,000 
30,000 
31,000 
32,000 
33.000 
34,000 
35,000 
36,000 
37.000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50.000 
75,920 

0. 
.000133 
.000267 
.000683 
.001067 
.OOUOO 
.001133 
.001200 
.001267 
.001333 
.001600 
.001600 
.001800 
.002783 
.004833 
.006000 
.007600 
.009167 
.011000 

Inch. 
0. 

.000133 
.000134 
.000366 
.000434 
.000033 
.000033 
.000067 
.000067 
.000066 
.000167 
.000100 
.000200 
.000933 
.001600 
.001567 
.001600 
.001667 
.001833 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

IniUal  load. 
Elastic  limit 

Tensile  strengrth. 

0. 
.000038 

0. 
.000038 

.000133 

.000100 



. 

Oeneral  summary, 

Toiaile strength  per  square  Inch  of  original  section pounds..    75,920 

Elastic  limit  per  square  inch  of  original  section do...    82,000 

Elongation  per  Incn  afterrupture inch..       .053 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001133 

Reduction  in  diameter  at  point  of  rupture do...       .024 

Reduction  in  area  after  rupture,  per  cent  of  original  section 8.4 

Position  of  rupture 1.  "8  from  neck 

Charscter  of  broken  surface granular,  silvery  luster 

Elongation  of  inch  sections ^.05,  ''.06*,  ''.05 
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BOGKEB   BLOCK   AND   TBACK    BLOCKS. 
No.  7456. 


Specimen  from  cast  iron  track  block. 

Marks,  C  1. 

Diameter,  ".664. 

Sectional  area,  .*26  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

Inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Inch. 
0. 

Succeaslye 

permanent 

set. 

Remarks. 

Pounds. 

1,000 

2,000 

3,000 

4.000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20.000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29.000 

30,000 

33,120 

Inch. 
0. 
.000067 
.000100 
.000183 
.000167 
.000267 
.000300 
.000867 
.000400 
.000467 
.000667 
.000633 
.000667 
.000733 
.000833 
.000933 
.001000 
.001067 
.001133 
.001233 
.001333 
.001433 
.001533 
.001633 

.oor33 

.001900 
.002067 
.002233 
.002t00 
.002700 

Inch. 
0. 
.000067 
.000083 
.000033 
.000034 
.000100 
.000033 
.000067 
.000083 
.000067 
.000100 
.000066 
.000034 
.000066 
.000100 
.000100 
.000067 
.000067 
.000066 
.000100 
.000100 
.000100 
.000100 
.000100 
.000100 
.000167 
.000167 
.000166 
.000167 
.000300 

Inch. 
0. 

Initial  load. 

0. 

0. 

0. 

0. 

.000033 

.000033 

1 

1 

.0UU133 

.000100 

i 

Ten.«iile  Htrength. 

.000300 

.000167 

.000833 

.000533 

(ieturaJ  mnmnarij. 

Tensile  strength  per  square  inch  of  original  wction pounds. .  33,120 

Position  of  rupture 1".46  from  neck 

Character  of  broken  surface granular,  gray,  granitic 


BOOKER   BLOCK    AND   TRACK    BLOCKS. 

No.  7457. 

Specimen  from  cast  steel  (Midvale)  track  block. 

Marks,  M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 
loads  per 
1     square 
inch. 

Elonration 
per  Inch. 

Saccessive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Inch. 
0. 
0. 

Remarks. 

Pounda. 
1,000 
5,000 
10,000 
20.000 
30,000 
31.000 
32.000 
33.000 
34.000 
35,000 
36.000 
38.000 
39.000 
40,000 
41,000 
42.000 
43,000 
44,000 
46.000 
48,000 
60,000 
88,400 

Inch, 
0. 

.000100 
.000800 
.000667 
.001067 
.001100 
.001167 
.001233 
.001267 
.001383 
.001483 
.001567 
.001633 
.001867 
.002167 
.008067 
.003883 
.004738 
.006383 
.008083 
.009667 

Inch, 
0. 

.000100 
.000200 
.000367 
.000400 
.000083 
.000067 
.000066 
.000084 
.000066 
.000100 
.000134 
.000066 
.000284 
.000300 
.000900 
.000766 
.000900 
.001600 
.001700 
.001534 

Inch. 
0. 
0. 

Initial  load. 

0. 
.000067 

"6: 

.000067 

Eliuitic  limit. 

.000133 

.000066 

.000^)00 

.000367 





Tensile  strengrth. 

General  summanj. 

Tenidle  strength  per  square  inch  of  original  section pounds. .    88. 400 

Elastic  limit  per  square  inch  of  original  section do. . .    84. 000 

Elongation  per  Inch  after  rupture inch. .       .  113 

Elongation  per  inch  under  strain  at  cla.stic  limit do. . .  .  001267 

Reduction  in  diameter  at  point  of  rupture do. . .       .044 

Reduction  in  area  after  rupture,  per  cent  of  original  section 15. 0 

Podtion  of  rupture ".85  from  neck 

Character  of  broken  surface granular,  silvery  luster 

Elongation  of  Inch  sections 'M3*.  'Ml.  ".10 
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BOCKEB  BLOCK  AND  TBAGK  BLOCKS. 

No.  7458. 


Specimen  from  forged  steel  track  block. 

Marks,  F. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Succeaslve 
elongation 
per  inch. 

Permanent 
set. 

Successive 
set 

Remarks. 

Itmnda. 
1,000 
5,000 
10,000 
20,000 
30.000 
81,000 
32,000 
33,000 
34,000 
35,000 

Inch. 
0. 
.000100 
.000333 
.000700 
.001100 
.001133 
.001200 
.001233 
.001267 
.001300 
r    .001400 

Inch. 
0. 
.000100 
.000233 
.000367 
.000400 
.000033 
.000067 
.000033 
.000034 
.000033 
.000100 
.002700 
.002233 
.000934 
.000600 
.000833 
.000667 
.001066 
.000667 
.001367 
.000866 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 
0. 

0. 
0. 



8«.«»    1    :604l66 

37.000 
38,000 
39,000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
81,620 

.006333 

.007767 
.006600 
.009267 
.010333 
.011000 
.012367 
.012733 

General  aummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    81, 620 

Elastic  limit  per  square  inch  of  original  section do. . .    35, 000 

Elongation  per  inch  after  rupture ^ inch. .         . 21 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001300 

Reduction  in  diameter  at  point  of  rupture do . . .       .114 

Reduction  in  area  after  rupture,  per  cent  of  original  section 36. 4 

Position  of  rupture 1''.06  from  nock 

(^hamcter  of  broken  surface granular  75  per  cent,  silky  25  per  cent 

Elongation  of  inch  sections ".14,  ''.21.  ".25* 


BOCKEB    BLOCK    AND   TBAGK    BLOOKS. 

No.  7459. 
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Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaosper 

square 

inch. 


Elongation 
per  Inch. 


SttccesBiTe 
elongation 
per  Inch. 


Permanent 
set. 


Successive 

permanent 

set. 


Remarks. 


PmtwU. 
1,000 
5,000 
10,000 
20,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 

37,000 

38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
81,960 


Inch, 
0. 
.000167 
.000883 
.000733 
.001100 
.001183 
.001200 
.001283 
.001267 
.001300 
.001400 
.002333 


Inch. 
0. 
.000167 
.000166 
.000400 
.000367 
.000033 
.0000^ 
.000033 
.0000^4 


.000100 


.007400  I 
.007833 
.008667  ; 


.004000 
.001067 
.000433 
.000634 


.010500  .001167 

.011100  .000600 

.011900  .000800 

.013000  .001100 


Inch. 


Inch. 


0. 
0. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .    81, 900 

Elastic  limit  pei  square  inch  of  original  section do . . .    35, 000 

Elongation  per  inch  after  rupture inch. .       .223 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001300 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33. 6 

Position  of  rupture 1".40  from  neck 

Character  of  broken  surface silky  80  per  cent,  granular  20  per  cent 

Elongation  of  inch  sections ".23, ''.29*,  M5 

TABULATION  OF  TENSILE  SPECIMENS  FROM  ROCKER   BLOCK  AND 

TRACK  BLOCKS. 


No.  of 
test. 

Mark 

on 
speci- 
men. 

I>iam- 
eter. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

Pmtndf. 
32,000 

34,000 
35,000 

35,000 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of  frac- 
ture. 

Granular,     silvery 

luster. 
Granular,  gray,  gra- 
nitic. 
Granular,     silvery 

luster. 
Granular     75     per 

cent,  silky  26  per 

cent. 
Silky  80  per  cent, 

granular  20    per 

cent. 

Elongation  of 
inch  sections. 

7455 
7456 

R 

C.l... 
M  .... 
F 

K 

Inch. 

.564 

.564 
.564 
..VH 

.664 

Sq.inch. 
.25 

.26 

.25 
.25 

.25 

Pounds. 
75,920 

33,120 

88,400 

81,520 

81,960 

Perrt. 
5.3 

Perct. 
8.4 

.05,   .06*,  .05 

7457 
7458 

7459 

11.3 
21.0 

22.3 

15.0 
36.4 

33.5 

.13*, .11,   .10 
.14,   .21.   .28* 

.23,   .29*,. 15 
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ROCKER   BLOCK    AND   TRACE    BLOCKS. 


COMPRESSION   TESTS. 


-SPECIMENS   FBOM   ROCKER   BLOCK   AND 
TRACK  BLOCKS. 


No.  1178. 

Specimen  from  cast  steel  rocker  block. 

Marks,  R. 

Total  length,  5." 

Diameter,  l".0O. 

Sectional  area,  .7854  s(|iiare  inch. 

Gauged  length,  4." 


Applied 

loads  per 

square 

Inch. 

('omprea- 

fdon  per 

inch. 

Succemiive 
compres- 
sion per 
incn. 

Perma- 
nent set. 

Successive 
perma- 
nent set. 

1 

Remarks. 

PouruU. 
1,000 
5,000 
10.000 
11,000 
12.000 
18,000 
14,000 
15.000 
16,000 

Inch. 
0. 
.000250 
.000475 
.000600 
.000525 
.O006.'i0 
.000600 
.000650 
.000675 
000700 
.000725 
.000750 
.000800 
.000825 
.000875 
.000900 
.000950 
.000975 
.001000 
.001025 
.001075 
.001100 
.001125 

.ooin*) 

.001225 
.001250 
.001300 
.001350 
.001400 
.001450 
.001525 
.001650 
.001975 
.008375 
.005000 
.Oa5750 
.006350 
.007125 

Inch. 
0. 
.000250 
.000225 
.000025 
.000025 
.000025 
.OOOOH) 

.oooa'io 

.000025 
.000025 
.000025 
.000025 
.000050 
.000025 
.000050 
.000025 
.000050 
.000025 
.000025 
.000025 
.000050 
.000025 
.000025 
.000050 
.000060 
.000025 
.000050 
.000060 
.000050 
.000050 
.000075 
.000125 
.000325 
.001400 
.001625 
.000750 
.000600 
.000775 

Inch. 
0. 
.000025 
.000050 

1 

Inch. 
0. 
.000025 
1      .000025 

Initial  load. 



.000050 

1    0- 

17,000 

1 

18.000 
19,000 
20,000 
21,000 

1 

1 



.000100 

.000050 

22,000 
23,000 

24,000 
25.000 
26.000 
27,000 
28,000 
29,000 
30.000 
31,000 
82,000 
33,000 
34.000 
35,000 
36,000 
87,000 
38,000 
89,000 
40,000 
41,000 
42.000 
43.000 
44,000 
46.000 
83,300 

.000100 

1  »• 

■ 

Elastic  limit,  approximate. 
Ultimate  strenj^th. 

.000125 

I       .066025 

.000225 

1    .66t')i66 

.000750 

1       .000525 



.005625 

.004875 

1 

Failed  by  triple  flexure. 


ROCKEB   BLOCK    AND   TRACK    BLOCKS. 
No.  1177. 
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Specimen  from  cast  iron  track  block. 

Marks,  CI. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Grauged  length,  4". 


1,000 
2,000 
3,000 
4,000 
5,000 
6.000 
7,000 
8,000 
9.000 
10,000 
11.000 
12.000 
13.000 
14.000 
15.000 
16.000 
17,000 
18,000 
19,000 
20.000 
21,000 
22,000 
23.000 
24,000 
25,000 
28,000 
27,000 
28.000 
29,000 
80,000 
31,000 
32,000 
33,000 
34.000 
85,000 
86,000 
37,000 
88,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48.000 
49,000 
50,000 
102,100 


Inch. 
0. 

.000075 
.000125 
.000150 
.000225 
.000275 
.000325 
.000350 
.000i25 
.000475 
.000500 


Successive 
compres- 
sion per 
inch. 


Inch. 
0. 

.000075 
.000060 
.000026 
.000075 
.000060 
.000060 
.000025 
.000075 
.000060 
.000025 


Permanent 
set. 


Inch. 


Succcasive 

permanent 

set. 


Inch. 


RemarkM. 


Initial  load. 


.000575 

.000075 

.000060 
.000060 
.000060 
.000060 
.000060 
.000060 
.000060 
.000050 
.000075 
.000075 
.000060 
.000075 
.000060 
.000075 
.000060 
.000075 
.000075 
.000075 
.000125 
.000100 
.000075 
.000100 
.000150 
.000150 
.000100 
.000175 
.000250 
.000225 
.000200 
.000260 
.000250 
.000400 
.000325 
.000300 
.000350 
.000375 
.000450 

.000625 

.000675 

.000725 
.000775 

«• 

0. 

.000625 

1 

.000875 

.000925 

.000975 
.001025 

.000025 

.000025 

.001100 

.001175 

■ 

.001225 

.001300 
.001350 



.000075 

.000060 

.001425 

1 

.001475 

.001550 
.001625 
.001700 
.001825 
.001925 
.002000 
.002100 
.002250 
.002400 
.002500 
.002676 
.002925 
.003150 
.003350 
.003600 
.003850 
.001250 
.004575 
.004875 
.005225 
.005600 
.006060 

.000200 

.000125 

.000450 

.000260 

.000875 

.000425 

.001826 

.000960 

.003460 

.001625 

Ultimate  Ktrength. 

1 

1 

Failed  by  triple  flexure. 
H.  Doc.  335 11 
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BOGKEB   BLOCK    AND   TRACK    BLOCKS. 
No.  1179. 


Specimen  from  cast  steel  (Midvale)  ti*ack  block. 

Marks^  M. 

Total  length,  5". 

Diameter,  1".00. 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 


Applied 

loa<l«  per 

sfiimre 

inch. 


1,000 
5,000 
10,000 
11.000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26.000 
26,000 
27,000 
28.000 
29,000 
30,000 
67.«00 


Compres- 
sion per 
incn. 


Inch. 
0. 

.000100 
.000275 
.000360 
.000400 
.000425 
.000476 
.000500 
.000600 
.000600 
.000600 
.000650 
.000825 
.001060 
.001625 
.002100 
,002750 
.003775 
.004600 
.006750 
.007060 
.008060 
.009076 


Successive 
compres- 
sion per 
inch. 


iTich. 

0. 

.000100 
.000176 
.000076 
.000060 
.000026 
.000060 
.000025 

0. 

0. 
.000100 
.000060 
.000175 
.000225 
.000676 
.000475 
.000650 
.001025 
.000825 
.001150 
.001300 
.001000 
.001025 


pitman  A.1 1 '  Successive 
^^^'  set. 


Inch. 


.000025 
.000100 


Inch. 


.000025 
.000075 


Remarks. 


Initial  load. 


.000100 


Eliuttic  limit. 


.003026 


.002725 


.005075 


rUimate  strengtli. 


Failed  l>3'  triple  flexure. 


BOOKER   BLOOK    AND   TRACK    BLOCKS. 
No.  1180. 

Specimen  from  forged  steel  track  block. 

Marks,  F. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 
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Applied 
loads  per 

square 

inch. 

Compres- 
sion per 
Incb. 

Succetfive 

compre»- 

slonpcr 

inch. 

Permanent 
set. 

Successive 

permanent 

set 

Remarks. 

J*tmnd». 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
79.800 

Inch.    ' 
0. 
.000076 

.oooaoo 

.000360 
.000600 

.000660 
.000660 
.001160 
.001260 
.001400 
.002260 
.002875 
.008625 
.004160 
•004760 
.006700 
.006600 
.007225 

Inch. 
0. 

.000076 
.000125 

Inch. 
0. 
0. 

Indu 
0. 
0. 

Initial  load. 
Elastic  limit 

Ultimate  strength. 

.000160 
.000160 
.000160 

0. 

0. 

.000200 
.000600 
.000100 
.000160 
.000860 
.000625 
.000760 
.000625 
.000600 
.000960 

.oooeoo 

0. 

0. 

.002275 

.002275 

.006660 

.006376 

Failed  by  triple  flexure. 


164 


BOCKEB   BLOCK   AND  TBAOK   BLOCKS. 
No.  1181. 


Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4". 


Applied 

loadaper 

square 

fnch. 

Pounds. 
1,000 
6,000 
10,000 
11,000 
12,000 
13,000 
14,000 
16,000 
16,000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26.000 
27.000 
28,000 
29,000 
30,000 
67,000 

Compree- 

sionper 

inch. 

■ 

Successive 
compres- 
sion per 
inch. 
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Failed  by  triple  flexure. 
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AND  TRACK  BLOCKS. 
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1177 
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a37,000 

"ii'ooo" 

35,000 
19,000 

Pounds. 
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79,300 
57,000 

Triple  flexure. 
Do. 
Do. 
Do. 
Do. 
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WBOUGHT  IRON. 


Second  Series. 

Strength  and  Elongation  op  Wrought  Iron  Bars  after  Treat- 
ment BY  Heating  to  a  Fuu.  Yellow  Heat  and  Cooling  in 
Air,  Water,  and  Oil. 

Finished  bars  were  treated  and  threaded  ends  subsequently  cleaned 
in  the  lathe;  stems  of  specimens  not  redressed. 
Specimens  of  this  series  were  turned  down  from  li"  rolled  rods. 

No.  7474. 

Common  Refined  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".794. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

- 

Elonga- 
tion. 

Set. 

RemarkH. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
31,000 
82,000 
33,000 
34,000 
32,000 
33,000 
34,000 
35,000 
36,000 
87,000 
38,000 
40,000 
42,000 

Tncka. 
0. 

.0008 
.0021 
.0031 
.0043 
.0065 
.0069 
.0072 
.0076 
.0079 
.0082 
.0263 
.0380 
.1015 
.1100 
.1320 
.1465 
.1660 
.22 
27 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0003 

Initial  load. 
ElasUc  limit. 

Tensile  strength. 
=26.3  per  cent. 

44,000    :          .34 

46,000 
48,000 
60,000 
52,000 
52, 440 

.43 

.53 

.69 

1.07 

I.Vi 

0    }        1.58 

Elongation  of  inch  sections,  ".19,  ".21,  ".23,  ".49*, 
Diameter  at  fracture,  ".69;  area,  .2734  square  inch. 
Contraction  of  area,  45.3  per  cent. 
Appearance  of  fracture,  fibrous. 


.25,  ".21. 


WROUGHT   IRON. 

No.  7475. 

Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loaOBper 

Mnare 

Tnch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
31,000 
32,000 
83.000 
84,000 
85,000 
36,000 
87.000 
88.000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48.000 
60,000 
52,000 
54,000 
56,000 
56.400 
0 

Inch. 
0. 
.0009 

.0031 

.0041 

.0054 

.0071 

.0078 

.0084 

.0092 

.0108 

.0130 

.0180 

.0360 

.0560 

.0725 

.0860 

.0970 

.1185 

.1420 

.1610 

.20 

.27 

.34 

.42 

.53 

.74 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0009 

Initial  load. 
Elastic  limit. 

• 

Tensile  strength. 
=»16.2  per  cent. 

.0069 

.0763 

.91 

Elongation  of  inch  sections,  ".12,  ".09,  ".12,  ".12,  ".16, 
Diameter  at  fracture,  ".67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent. 
Appearance  of  fracture,  fiorous. 

H.  Doc.  336 12 


.31* 
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WROUGHT   IRON. 


No.  7476. 


Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32.000 
33,000 
34,000 
35,000 
36,000 
38,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
60,400 
0 

Inch. 

0. 

.0011 
.0023 
.0039 
.0062 
.0073 
.0078 
.0082 
.0088 
.0093 
.0101 
.0109 
.0118 
.0126 
.0143 
.0164 
.0197 
.0340 
.0510 
.0680 
.1010 
.1360 
.1770 
.23 
.29 
.86 
.16 
.60 
.83 

Inch. 

0. 

0. 

.0001 
.0002 
.0008 
.0015 

IniUal  load. 

Tensile  strength. 
=16. 7  per  cent. 

.0032 

.0086 

.0413 

1.00 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".32»,  ".13,  ".13,  ".13,  ".14,  ".16. 

Diameter  at  fracture,  ".60;  area,  .2827  square  inch. 

Contraction  of  area,  43.6  per  cent. 

Appearance  of  fracture,  fibrous. 


WROUGHT  IRON. 

Nou  7477. 

Best  Puddled  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  &\ 
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loads  per 
flqUAie 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pmmdt. 
1,000 
6,000 
10,000 
15^ 
20,000 
25,000 
80,000 
81,000 
82,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
87.000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
51,600 
0 

0. 
.OOU 
.0024 
.0087 
.0040 
.0060 
.0076 
.0080 
.0840 
.0660 
.0700 
.0660 
.1000 
.1180 
.1320 
.1680 
.1770 
.24 
.20 
.87 
.46 
.58 
.77 

Inch, 

0. 

.0001 
.0001 
.0002 
.0002 
.0006 
.0009 

Initial  load. 
Elaatic  limit. 

TenaUe  Btiensrth. 
—25.2  per  cent. 

.1095 

1.61 

Elongation  of  inch  sections,  ".19,  'M9,  ".22,  ".38*,  "29, 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch. 
Contraction  of  area,  35.7j9er  cent. 
Appearance  of  fracture,  nbrous. 


'.24. 
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No.  7478. 

Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gaucred  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
28,000 
29,000 
30,000 
31,000 
82,000 
33,000 
34,000 
85,000 
36.000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
55,760 
0 

Inches. 
0. 
.0009 
.0019 
.0080 
.0041 
.0054 
.0009 
.0074 
.0090 
.0100 
.0120 
.0160 
.0230 
.0400 
.0620 
.0680 
.1190 
.1500 
.21 
.28 
.84 
.48 
.55 
.74 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=24  per  cent 

.0024 

.0320 

.1094 

1.44 

Elongation  of  inch  sections,  ".20,  ".22,  ".21,  ".27,  ".33*,  ".21. 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch. 
Contraction  of  area,  35.7  per  cent. 
Appearance  of  fracture,  fibrous. 


WROUGHT  IROlSr. 

No.  7479. 

Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 

In  ganged  length. 

RemarkH. 

Elonga- 
tion. 

Set. 

Poundg. 
1,000 
5,000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 

28,000 
29,000 
80.000 
82,000 
34,000 
86,000 
38,000 
40.000 
42.000 
44,000 
46,000 
48,000 
50,000 
62,000 
54,000 
56,000 
57,120 
0 

Inch, 

0. 
.0009 
.0020 
.0034 
.0088 
.0041 
.0043 
.0048 
.0051 
.0067 
.0060 
.0064 
.0069 
.0077 
.0081 
.0087 
.0098 
.0102 
.0112 
.0142 
.0196 
.0300 
.0530 
.0780 
.1015 
.1400 
.17 
.24 
.80 
.38 
.48 
.65 
.82 
.85 

Inch. 
0. 
0. 
0. 
.0004 

IniUal  load. 

Tensile  strength. 
=  14.2  per  cent. 

.0010 

.0022 

.0050 

.0685 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".19,  ".13,  ".15,  ".14,  ".12,  ".12. 
Diameter  at  fracture,  ".67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent* 

Appearance  of  fracture,  nbrous,  trace  of  granulation.     Fractured 
outsioe  the  6-inch  gauged  length. 
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WBOUGHT  IBON. 

No.  7480. 


Burden's  Best  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Grauged  length,  6". 


flqnare 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Poundi. 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
80,000 
84,000 
86,000 
81,000 
30,000 
81,000 
32,000 
33,000 
84.000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
60,120 
0 

Inchet. 
0. 

.0010 
.0020 
.0081 
.0042 
.0068 
.0068 
.0071 
.0078 
.0180 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

IniUal  load. 
BhwUc  Hmlt. 

Tensile  strength. 
=  28.7  per  cent. 

:::::::::::: 

.0280 
.0660 
.1260 
.1640 

.1660 
.21 
.26 
.80 

.1607 

.87 
.46 

.67 

.76 

1.14 

i.72 

Elongation  of  inch  sections,  ".19,  ".23,  ".46*,  ".43*, 
Diameter  at  fracture,  ".55;  area,  .2376  square  inch. 
Contraction  of  area,  52.5  per  cent. 
Appearance  of  fracture,  fine  fibrous. 


.21,  ".20. 


WROUGHT  IRON. 

No.  7481. 

Burden's  Best  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Poundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
30,000 
85.000 
86,000 
87.000 

39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
66,000 
60.000 
61,360 
0 

Inches. 
0. 
.0006 

.0017 
.0026 
.0086 
.0049 
.0061 
.0076 
.0061 
.0088 
.0104 
.0150 
.0518 
.0660 
.0610 
.0925 
.1090 
.1200 
.14 
.18 
.22 
.26 
.31 
.89 
.48 
.67 
.96 
1.20 

•  r- 

0. 
0. 
0. 
0. 
0. 
0. 
.0003 

Initial  load. 
ElaMtic  limit. 

.0424 

.1688 

t 

Tensile  strength. 
=  20  per  cent. 

Elongation  of  inch  sections:  ".17,  ".13,  ".11,  ".14,  ".19,  ".46* 
Diameter  at  fracture,  ".57;  area,  .2552  square  inch. 
C!ontraction  of  area,  49  per  cent. 
Appearance  of  fracture,  fine  fibrous. 
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WROUGHT   IRON. 


No.  7482. 
Burden's  Best  Iron. 

Heated  full  vellow  and  quenched  in  water. 
Diameter,  ".796. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

Kqiiare 

inch. 


Pnundit. 
l.OUO 
5,000 
10,000 
15.000 
20,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
36,000 
36,000 
87,000 
38.000 
39,000 
40,000 
41.000 
42.000 
43.000 
44.000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
51.000 
62,000 
53,000 
54,000 
56,000 
56,000 
57,000 
58,000 
60.000 
62,000 
64,000 
65,000 
66,000 
66.280 
0 


In  gauged  length. 


Elonga- 
tion. 


Tnrh. 

0. 
.0009 
.0021 
.0035 
.0048 
.0062 
.0066 
.0070 
.0072 


.0085 

.0090 

.0093 

.0100 

.0106 

.0114 

.0122 

.0132 

.0150 

.0172 

.0190 

.0220 

.0261 

.0418 

.0473 

.0560 

.0642 

.0740 

.0849 

.0980 

.1023 

.1283 

.1358 

.1590 

.1780 

.19 

.22 

.25 

.30 

.37 

.45 

.51 

.62 

.70 

.95 


Inch. 

0. 

0. 

0. 
.0001 
.0001 
.0008 


.0014 


.0088 


RemarkH. 


Initial  load. 


.0370 


.0860 


.1637 


Tensdle  htrength. 
=«15.8  per  cent. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".10,  ".17,  ".42*,  ".10,  ".OS,  .08". 

Diameter  at  fmcturd,  ".57;  area,  .2552  square  inch. 

Contraction  of  area,  49  per  cent. 

Appearance  of  fracture,  fine  fibrous. 


WROUGHT   IRON. 
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No.  7483. 
Norway  Iron. 

Heated  full  yellow  and  cooled  in  the  air. 
Diameter,  ".792. 
Sectional  area,  .50  square  inch. 
Len^h  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Ptmndt. 
1,000 
5,000 
10,000 
15,000 
18,000 
19,000 
20,000 
21,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33.000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
42,400 
0 

Ineha. 
0. 
.0008 
.0018 
.0028 
.0039 

Inch. 

0. 

0. 

I 

Initial  load. 
Elastic  limit. 
SiLMtained  load  3  minutes. 

.0036 

' 

.0040 

.0170 

.0270 

.0600 

.0785 

.1360 

.1611 

.1513 

.1521 

.2080 

.2330 

.2660 

.2900 

.80 

.35 

.39 

.43 

.48 

.48+ 

.58 

.65 

.73 

.88 

1.00 

1.28 

.0002 

.2825 

Rested  5  minutes  under  load  of  1,000  pounds  per  square  inch. 

Tensile  strength. 

2.22 

=  37  per  cent. 

Elongation  of  inch  sections,  ".31,  ".79*,  ".36,  ".27,  ".25,  ".24. 

Minimum  diameter,  ".41;  area,  .1320  square  inch. 

Contraction  of  area,  73.6  per  cent. 

Bar  not  fractured.  Test  discontinued  before  rupture.  Load  on  bar 
when  test  was  discontinued,  13,000  pounds  total =98,480  pounds  per 
square  inch. 
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WROUGHT  IRON. 


No.  7484. 

Norway  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


square 
inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
18,000 
19,000 

Inehe$. 
0. 

.0010 
.0021 
.0081 
.0089 
.0042 
(          OOfiO 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
ElaHtic  limit. 

Rested  5  minutes  underload  of  1,000  pounds  per  square 
inch. 

Tensile  strength. 
="  36.8  per  cent 

20.«»     t       :0083 
21,000    ■          -OITQ 

.0040 

22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
36,000 
88,000 
40,000 
42,000 
48,000 
41,000 
44,240 
0 

.0585 

.0775 

.0900 

.1070 

.1165 

.1450 

.1469 

.1850 

.2100 

.24 

.27 

.80 

.84 

.42 

.60 

.64 

.88 

1.00 

1.27 

1.70 

2.21 

.1018 

.1888 

.2098 

Elongation  of  inch  sections,  ".77*,  ".35,  ".26,  ".27,  ".29,  ".27. 
Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 
Contraction  of  area,  76. 1  per  cent. 
Appearance  of  fracture,  tibrous. 


WBOUGHT  IRON. 

No.  7486. 
Norway  Iron. 

Heated  full  yellow  and  quenched  in  water. 
Diameter,  ".796. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  &\ 
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aqaare 
Inch. 

In  gauged  length. 

RemarkR. 

Elonga- 
tion. 

Set. 

Pdmiida. 
1,000 
5.000 
10.000 
15.000 
16.000 
17.000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
26,000 
27,000 
28,000 

30,000 

S'SSS 

32,000 
38,000 
34,000 
86,000 
38,000 
40,000 
42,000 
44,000 
46.000 

Inehe$. 
0. 
.0006 

.0016 
.0029 
.00S2 
.0087 
.0045 
.0051 
.0061 
.0075 
.0106 
.0170 
.0485 
.0640 
.0648 
.0680 
.1080 
.1158 
.1480 
.1600 
.1900 
.21 

:g 

.88 
.47 
.60 
.76 
1.19 

Inch. 
0. 
0. 
0. 
.0002 

Initial  load. 

Rested  5  minates under  load  of  1,000  pounds  per  square  inch. 

Tensile  stren^h. 
=  85.3  per  cent. 

.0020 

.05h3 

.1862 

2.12 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".26,  ".24,  ".25,  ".68*,  ".43,  ".26. 

Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 

Contraction  of  area,  76.1  per  cent. 

Appearance  of  fracture,  nbrous. 
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WBOtTOHT  IRON. 
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Heated  full  yellow,  quenched  in  oil 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


WBOUGHT   IBON. 
No.  7539. 

,  reheated  and  cooled  in  air. 


Applied 

loads  per 

square 

inch. 


Poundt. 
1.000 
6,000 
10,000 
15,000 
20,000 
21.000 
22,000 
28.000 
24,000 
25.000 
26,000 
27.000 
28,000 
29,000 
30,000 
81.000 
82,000 
83,000 
84,000 
85,000 
86,000 
88,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
62,000 
58,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inches. 

0. 

.0080 
.0067 
.0104 
.0140 
.0148 
.0156 
.0165 
.0173 
.0181 
.0193 
.0204 
.0218 
.0234 
.0266 
.0869 
.0534 
.0693 
.0940 
.1235 
.14 
.20 
.31 
.44 
.58 
.77 
.99 

1.26 

1.64 


2.13 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 


Remarkfl. 


Initial  load. 


.0004 


.0050 


Elastic  limit.    Not  well  defined. 


TenHile  strength. 
=  10.7  per  cent. 


Elongation  of  inch  sections,  ".12,  ".11,  ".10,  ".10,  ".09,  ".10,  ".10, 
".09^  ".09,  ".09,  ".10,  ".10,  ".10,  ".11,  ".12,  ".11,  ".12,  ".12,  ".13,  ".13. 

Diameter  at  fracture,  1".01;  area,  .8012  square  inch. 

Contraction  of  area,  19.9  per  cent. 

Fractured  1".25  from  the  neck. 

Appearance,  fibrous  60  per  cent,  granular  40  per  cent.  Fractured 
outsioe  the  gauged  length.  Elongation  ".21  on  the  inch  section  which 
fractured. 


WROUGHT   IRON. 
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CARBON  AND  NICKEL  STEEL  INGOTS. 
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OABBOK    AND   NICKEL  STEEL  INGOTS.  199 


CABfiOH  AHD  HICKEL  STEEL  IHGOTS. 

iNGOTfe  Cut  up  for  Examination,  and  Material  tor  Tensile  and 
Endurance  Tests  Taken  Therefrom. 

CHEMICAL  analyses. 

Carbon  ateel  ingot: 

Carbon 20 

Manganese 58 

Silicon 015 

Phoephorus 017 

Nii-kel  steel  ingot: 

Carbon 17 

Manganese 68 

Silicon 016 

Phosphorus ^- 010 

Nickel 3.25 
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CARBON   AND   NICKEL   8TEEL   INGOTS. 


No.  1.— 16"  X  18"  Carbon  Steel  Ingot. 

Showing  maimer  of  cutting  up  for  examination. 


s: 


1 


J. 


_2^^ 


frji> 


h 


^ 

^ 

0) 


y 


VI 


-^4* 


CARBON    AND    NICKEL    STEEL    INGOTS. 

No.  2.— 16"  X  18"  Carbon  Steel  Ingot. 
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Slab  2.~Tdn9ion  tests. 


Slab  3.— Endurance  tests. 


t 


n 


m 


s^ 


^ 


^ 


^ 


0 


p^ 


^ 

^ 
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n  1 1 1 1 1 
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Metal  tested  in  the  natural  state  and  after  heating  and  quenching. 
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CARBON    AND    NICKEL    STEEL    INGOTS, 


IT 


"9 


No.  3.— 16"  X  18"  Nickel  Steel  Ingot. 

Showing  manner  of  cMitting  up  for  examination. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  4. — W  X  18"  Nickel  Steel  Ingot. 
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Slab  2.~Texidon  teste. 
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Slab  3.— Endurance  teste. 
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Metal  tested  in  tbe  natural  state  and  after  heating  and  quenching. 
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OABBON    AND   NICKEL   STEEL   INGOTS. 

No.  5.— 16"  X  18"  Steel  Ingots. 

Showing  manner  of  cutting  up  for  examination. 
Carbon  steel,  block  B  4. 


•1 

i 

-\ 

CC 

^ 

>c 

Tensile  specimens  (2)  piece  a. 


czt 


Bending  specimen  from  b. 


xn 


<-     Z^S,7S 


Nickel  istecl.  Mock  T  :l. 


a. 


Piece  a  before  forging. 


i3./S 


.^ 


c5r<5,9 


After  forging. 


<^tf^rf 


After  machining. 


:  f.-  ■ 


f 


< 


•,       I 


•    * 


•        4 


«    * 
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*  • 


I        A 
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NO.  e. 

CARBON   STEEL  INGOT,  BLOCK   B3.         9   1-2   INCHES   FROM   THE   BOTTOM. 


"Ei.  OTVPE    CO.,    BO«»-^ON. 


ill 


■*i',''i^u.i*v/r;>>^i;;oMi'. 


NO.   9. 
CA^vBON   STEEL  INGOT.   BLOCK   84.         16   1-2   INCHES   FROM   "^HE   BOTT"'jM. 


MELiOTvof    CO.,    B'^STON. 


CAt-L^ON   S^E^L  'NGO^  b'-OCK   BO 


'.C'fS   f^OM   THt   BOT"^OM. 


'.r   .V  -- vrr    ro..    E.f  '.t  ^ 


1 


f     0 


X 


NO.   11  . 
CARBON   STEEl    :NG0T. 
LONGITUDINAL   SECTION,    Mine  '  E    OF   LC 


OF    INGO'T. 


NO.  12. 

CARBON  STEEL  INGOT. 

BLOCK  T2.     2  INCHES  FROM  THE  TOP. 


MEUOTYPE    CO..    B03T0N. 


NO.  13. 
NICKEL  STEEL  INGOT,  BLOCK  B1 .     1-2  INCH  FROM  THE  BOTTOM. 


MELlOTYP€    CO.,    BOSTON. 


NO.   14. 

N.CKEI-  S^cEL  INGOT. 

BlTCK   r.2.     ^^4   INCHES   FROM    THE   BOT'IOW. 


M(. -'El  SIfEL   INGOT 
LOrJGlTUDiNAL   Sh'".T''.rj.   MI'^l-LE    OF   ' 


H   OF   t^'GOT. 


NO.   16. 

N,CKEL  STF.EL  INGOT. 

BLOCK  T4.     ^8^A   INCHES   FROM  THE  TOP. 


MELIOTYPE    CO.,    BOSTON. 


'<Wi  T   Wd4.^k, 


d 


i   ^ 


^  -,  '».L 


^^ 


3^  . 


■     1    -     *  1i%     ' 


NO.   17. 
NICKEL  STEEL  INGOT,  Bl  OCK  T3,  11    1-2   INCHES   FROM    THE   TOP. 


MELIOTVPE    CO..    BOS-'ON, 


N.).    18. 

'-.■.C>  EL   S^hLL    ■\f..GT. 

P.OvCK    r.{.      4'j'    .',C-'t'^    FkOM     the    T'jP. 


NO.   19. 

rj;CKEL  STEEL  INGOT. 

Bl  OCK   T1      ^4   rJCH   FROM   Tn£    TOP. 


Hfl'OTVPf    .-O..     POsrr.N. 


.#    / 


/ 


Z 

o 


o 
o 


o 

z 


o 
o 


o 
o 


O 


u 

z 


X 


I 
u 


O 


o 

z 


PMC^CM'CRn  ',^.^^>•^,   CAH;b:)\    sTEE'      '.GO'.      .0\0" 


hEliO'^^P!     C<^    ,    UO^'ON 


PHOTOMICROGRAPH,  CARBON   STEEL   INGOT.     LONGITUDINAL  SECTION. 
28    IN.   ^ROM    BOTTOM   OF  INGOT,    1    1-4   IN.   FROM   EDGE. 

MAGNIFICATION   5   DIAMFTERS. 


ME-iCTYPE    ro..    UOSTON. 


CAkBON   S'EEL    sgut. 
PHOTOMICROGRAPH,  12   INCHES   FROM   top*  OF  INGO^,  4'>,    INCHES   rpoM 
LONGiTUOlNAL   SECTION.      MAGNirCATlON    5    LIAIVtTEkS. 


hFi.OTvpE    CO.,    B03"^0N 


CARBON  STEEL  INGOT. 

PHOTOMICROGRAPH,  12  INCHES  FROM  TOP  OF  INGOT,  AT  EDGE  OF  CENTRAL  CAVITY, 

2^  INCHES  DIAMETER,  LONGITUDINAL  SECTION.     MAGNIFICATION  6  DIAMETERS. 


MCIIOTYPE   CO.,    BOSTON. 


PH0^0MiCRC»3RAPH   OF   ^[tM   OF  TENS'LE   SPECIMEN   C2-A,   NO.   Tb'^'S,  CROSS  SECTION, 

CARBON    STEEL  INGOT.     MAGNlFit  ATION   '^h   DIAMETERS 

S^E^L   IN   NATURAL   FTAFE.     THF?tE   VtbvVS,   1. 


nf-L'J'>»f     CO..    BO^TOH. 


fi^^-'/'^i'-^ 


Afiit'-"* 


-r^CV  C''?OGPAPM   OP   S^EM  OF  "ENSILE   SPECIMEN  C2-A,  NO.   "5Ctt,  CROSS  SEC' ON 

CARBON   STEEL  INGOT.      MAGNlF'C ATION   56   DIAMETERS. 

STEEL   IN    NATURAL  STATE.      THREE  VIEWS,  2. 


PhO'OVlCWOGRAPh   O^   STFM   O^   TENS.LE   SPECVEN   C2-A,   NO.     "St  >^. 
CAt^bOS   S^EEL  INGOT.     CROSS   '?ECT'ON.     S^EEL    IN    NATukA.   S^'v'c. 

magn;'iCat-on  l-  oave"e-s.     rM--;EE  ,•  E.vs,  3. 


CARBON    AND    NICKEL   STEEL   INGOTS. 

Metal  from  C'arbon  Steel  Ingot,  Si^b  No.  2. 

No.  7568. 

Longitudinal  specimen. 

Natural  state. 

Marks,  C2-A. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

sqaare 

inch. 


Poundt. 
1.000 
6,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20.000 
22,000 
24,000 
26,000 
28,000 
90.000 
32,000 
34,000 
36,000 
38,000 
40.000 
42,000 
44,000 
46,000 
48.000 
50,000 
52,000 
54,000 
54,880 
0 


In  gauged  length. 


Inch. 

0. 
.0004 
.0010 
.0018 
.0020 
.0022 
.0030 
.0041 
.0065 
.0099 
.0150 
.0222 
.0295 
.0886 
.0475 
.0563 
.0670 
.0610 
.0950 
.11 
.14 
.16 
.18 
.22 
.27 


.45 


Remarks. 


I 


Inch. 

0.     I  Initial  load. 
0. 
0. 
.0001 


.0040 


.0347 


Elastic  limit. 


Tensile  strength. 
=  15  per  cent. 


Elongation  of  inch  sections,  ".13,  ".13,  ".19*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CARBON   AND   NICKEL    8TBEL   INGOTS. 
No.  7569. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-D. 

Diameter,  ".564. 

Sectional  area,  .25  scfuare  inch. 

Gauged  length,  3". 


Applied    1 

loaas  per  ■ 

HQiiare     i 

Inch.      1 

In  gauged  length. 

Remarka. 

Elonga- 
tion. 

Set. 

Inch, 
0. 
0. 
0. 
.0001 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17  000 

Inch. 

0. 
.0005 
,0011 
.0019 
.0028 
.nnsn 

Initial  load. 
Elastic  limit 

Tensile  strength. 
=14.3  per  cent. 

18,000             .0043 
19,000              .0056 
20,000    ,          .0075 
22,000              .0119 
24  000              .0183 

.0061 

26.000              .0258 
28  000              nc^2» 

30.000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
58,120 
0 

.0428 

.0389 

.0638 

.0760 

.0691 

.1069 

.13 

.16 

.18 

.21 

.26 

.33 

.1012 

.43 

1 

Elongation  of  inch  sections,  ".13,  ".13,  ".17*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance,  coarse  granular,  silvery  luster. 


CARBON    AND   NICKEL    STEEL    INGOTS. 
No.  7570. 
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Longitudinal  npecimen. 

Natural  state. 

Marks,  C2-F. 

Diameter,  ".564. 

Sectional  area,  .25  sciuare  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

inch. 


Pounds. 
1,000 
6,000 
10,000 
16.000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
38.000 
40,000 
42,000 
44,000 
46,000 
47,600 
0 


In  gauged  length. 


Elonga- 
Uon. 


Inch, 
0. 
.0006 

.0011 

.0019 

.0020 

.0028 

.0041 

.0068 

.0086 

.0186 

.0196 

.0280 

.0360 

.0460 

.06 

.06 

.09 

.10 

.12 

.14 

.17 

.20 


.31 


Remarks. 


Inch. 

0.  Initial  load. 

0. 
0. 
.0001 

Elastic  limit 


.0061 


.0421 


Tensile  strength . 
»10.3  per  cent. 


Defective  specimen,  spongy. 

Elongation  of  inch  sections,  ".08,  ".15*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  at  the  middle  of  the  stem. 

Appearance,  dull,  amoi-phous,  oblique. 
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CARBON    AND    NICKEL   STEEL    INGOTS. 
No.  7571. 


Transverse  specimen. 

Natural  state. 

Marks,  C2-H. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 


Pound*. 
1,000 
6,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22.000 
24,000 
26,000 
28,000 
aD,000 
82,000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
5-2, 800 
0 


!      In  gauged  length. 

Remarks. 

'    Elonga-           (^. 
1       tlon.       1        ^^• 

Inch. 

0. 
.0004 
.0010 
.0019 
.0020 
.0028 
.0039 
.0050 
.0069 
.0120 
.0180 
.0252 

0. 
0. 
0. 
0. 

Initial  load. 
ElaHtic  limit. 

Tensile  strength. 
=  13.3  per  cent. 

.0048 

'          .0328 

.0422 
.0511 

.0382 

'          .0629 

.0750 

.0888 

.1(M9 
.13 

.0992 

.15 
.17 
.'20 
.25 

1          .32 

.40 

1 

Elongation  of  inch  sections,  ".11,  ".11,  '.18*. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  ".30  from  the  neck. 

Appearance,  dull,  amorphous,  in  jmrt  granular. 


GABBON   AND   NICKEL   8T££L   INGOTS. 
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No.  7672. 


Transverse  specimen. 

Natural  state. 

Marks,  C2-K. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loaos] 


In  gauged  length.     | 


=  i  "^r- 


Pounds. 
1.000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
54,400 
0 


Inch. 

0. 
.0003 
.0009 
.0014 
.0020 
.0027 
.0039 
.0060 
.0071 
.0128 
.0185 
.0260 
.0335 
.0440 
.0655 
.0638 
.0755 
.0912 
.1072 
.18 
.15 
.17 
.20 
.25 
.80 
.89 


.46 


Remarks. 


.0049 


.0408 


.1018 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=  15.3  per  cent. 


Elongation  of  inch  sections,  ".13,  ".20*,  ".13. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  1".3  from  the  neck. 
Appearance,  coarse  granular. 

H.  Doc.  335 14 
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CABBON   AND   NICKEL   STEEL   INGOTS. 

No.  7573. 


JLiongitudinal  specimen. 

Natural  state. 

Marks,  C2-M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

0. 

0. 

Ptmndt. 
1,000 
5,000 
10,000 
15,000 
16,000 

Inch. 

0. 
.0003 
.0009 
.0016 
.0018 

Initial  load. 
Ela-Htic  limit 

Tensile  strength. 
=  17  per  cent. 

17,000    1          .0029 
18,000    ,          .0039 
19,000    '          .0050 
20,000             .0070 
22,000    :          .0118 
24,000              .0180 
26,000              .0250 
28,000              .0830 
80,000    1          .0425 
82,000    1          .0619 
84,000              .0639 
86,000              .0773 
88,000    1          .0905 

.0048 

.0387 



40.000    1          .1093 
42, 000              . 13 

.1036 

44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
0 

.15 
.18 
.22 
.26 
.88 

Elongation  of  inch  sections,  ".18*,  ".18,  ".15. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".14  from  the  neck. 

Appearance,  dull,  amorphous,  in  part  granular. 


OABBON   AND    NIOKEL   STEEL   INGOTS. 
No.  7574. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  C2-P. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 
square     i 
inch.      I 


Poundg. 
1,000 
6,000 
10,000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
32,000 
84.000 
36,000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
58,400 
0 


In  ganged  length. 


Elonga- 
tion. 


Inch. 
0. 
.0004 

.0010 

.0019 

.0026 

.0081 

.0041 

.0068 

.0078 

.0120 

.0195 

.0273 

.0348 

.0429 

.0650 

.0648 

.0770 

.0919 

.1078 

.18 

.16 

.18 

.21 

.25 

.31 


Set. 


Inch. 
0. 
0. 
0. 
.0001 


Remarks. 


.0062 


.0890 


.45 


.1020 


Initial  load. 


ElaaUu  limit. 


Tensile  strength. 
=  15  per  cent 


Elongation  of  inch  sections,  'Ml,  ".12,  ".22*. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  \^t  cent. 
Fractured,  ".25  from  the  neck. 
Appearance,  dull  amorphous,  oblique. 
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OARSON   AND   KIOKEL   8tE£L   INGOTS. 


No.  7575. 

Longitudinal  specimen. 

Natural  state. 

Marks,  C2-B. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loadaper 
square 
Tnch. 

In  gauged  length. 

Bemarka. 

Elonga- 
Uon. 

Set 

AMtfub. 
1,000 
6,000 
10,000 
16,00C 
16,000 
17,000 
18.000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30.000 
82,000 
34,000 
36.000 
88,000 
40,000 
42,000 
44,000 
46.000 
48,000 
60.000 
62,000 
64,000 
66,280 
0 

Indi, 

0. 
.0004 
.OOU 
.0018 
.0020 
.0021 
.0028 
.0089 
.0060 
.0100 
.0170 
.0288 
.0822 
.0402 
.0600 
.0006 
.0710 
.0846 
.0980 
.12 
.14 
.16 
.19 
.22 
.27 
.88 

0?*^ 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  sttength. 
»  16.8  per  cent. 

.0087 

.0068 

.0929 

.46 

^*,  ".13. 


Defective  specimen,  spongy. 

Elongation  of  inch  sections,  ".13,  ".20* 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  1".5  from  the  neck. 

Appearance,  dull,  amorphous,  trace  of  granulation. 


OABBON   AND  inOKSL  8TBEL  INOOTB. 


No.  7679. 
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Longitudinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  C2-Q. 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  V. 


Applied 
loAdsper 

Ingansedleiifftli. 

Bemarka. 

tlon. 

Set. 

1,000          a 
6^000            .0008 
10,000            .0008 
80,000             .0018 
28,000    ,         .0028 
80^000    1         .0088 
88,000            .0012 
40,000             .0064 
48,000             .0070 
60,000             .0008 
62.000             .OUO 
84,000             .0180 
88,000             -Olffi 

/Heft. 

0. 

0. 

InitUd  load. 

* 

Tendle  itrengtli. 
-6.9  per  cent. 

0. 

.0002 
.0008 

.0018 
.0022 
.0041 

66,000 
80^000 
84,000 
88,000 

72,000 

78,000 

77,440 

0 

.0270 

.04 

.08 

.08 

.11 

.0210 

.16 

Elongation  of  inch  sections,  ".05,  ''.04,  ".07*. 

Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 

Contraction  of  area,  15  per  cent. 

Fractured  ".85  from  the  neck. 

Appearance,  dull,  amorphous,  contains  a  spot  of  granular  metal. 
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GABBON    AND   NICKEL   STSEL   INGOTS. 

No.  7578. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaOflper 

sqtiare 

inch. 

In  gauged  length. 

Remarlu.                                    ^ 

"^f- 

Set. 

Pimndt. 
1.000 
6.000 
10,000 
20,000 
29,000 
80,000 
81.000 
32,000 
83,000 
34,000 
36,000 
36,000 
87,000 
88,000 
39,000 
40,000 
42,000 
44  000 

Inch. 
0. 
.0008 

.0010 
.0020 

Inch. 

0. 

0. 

InitUl  load. 

Elatttic  linrit,  approximate. 

.0041 
.0046 
.0060 
.0053 
.0056 
.0060 
.0067 
.0071 

.0010 

.0021 

.0078 
.0068 
.0100 
.0130 
OlM 

.0055 

48.000 
50,000 
62,000 
66,000 
60,000 
64,000 
68,000 
68,080 
0 

.0460 
.0650 
.07 
-       .09 
.11 
.16 
.21 

.0489 

■ 

Tensile  strength. 

.28 

=9.3  per  cent. 

Elongation  of  inch  sections,  ".16*,  ".05,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  ".25  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 


CARBON  ANB  NICKEL  STEEL  INGOTS. 
No.  7582. 
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Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  C2-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Miiare 
inch. 

Pounds. 
1,000 
6,000 
10,000 
20.000 
80,000 
86,000 

In  ganired  length. 

RemarkB. 

Elonga- 
tion. 

Sft. 

Inch. 

0. 

.0004 
.0010 
.0021 
.0082 
.0040 

Inch. 

0. 

0. 

InlUal  load. 

Tensile  strength. 
=  9  per  cent. 

.0001 

40,000    !         .0046 
46,000    ,         .0051 
60,000    1         .0068 
66.000    .         .0009 
60,000    ;          .0200 
62.000    ,          .0318 

64,000   '       -oasfi 

.0002 

.0004 

.0189 

66,000 
68,000 
70,000 
72,000 
76,000 
80.000 
84.000 
86,000 
0 

.0480 

.0560 

.0643 

.07 

.10 

.18 

.17 

.0561 

.27 

Elongation  of  inch  sections,  ".04,  ".13*,  ".10. 
Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 
Contraction  of  area,  18.3  per  cent. 
Fractured  1".14  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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OARBOK  AKD  KIOK£L  8TEEL   INaOTS. 

No.  7684. 


Longitadinal  specimen. 

Heated  low  yeUow  and  quenched  in  oil. 

Marks,  C2-N. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  lengfth,  3". 


Applied 

loadBper 

Moare 

Inch. 

In  gauged  length. 

RemArka. 

EiongE- 

Set. 

Poundi. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40.000 
46,000 
60,000 
66.000 
66,000 
67,000 
68,000 
69,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72.000 
76,000 
80,000 
84.000 
86,400 
0 

Inch. 
0. 
.0004 

.0010 
0020 
!0081 
.0087 
.0048 
.0060 
.0066 
.0067 
.0009 
.0072 
.0120 
.0171 
.0230 
.0268 
.0840 
.0410 
.0482 
.0678 
.07 
.09 
.11 
.16 

Inch. 

0. 

0. 

Initial  load. 
=  8  per  cent. 

.0001 

.0001 
.0002 
.0004 
.0006 

.0168 

.0490 

.24 

Elongation  of  inch  sections,  ".06,  ".07,  ".12*. 

Diameter  at  fracture,  ".61;  area,  .2043  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  ".76  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


CARBON   AND   NICKEL   81*££L   INGOTS. 

No.  7683. 
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Transverse  specimen. 

Heated  low_yellow,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-L. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


lOAoaper 
BQoare 
inch. 

In  gauge) 

Elonga- 
tion. 

1  length. 
Set. 

Remarkfl. 

Ptnmdi. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
50,000 
58.000 
54.000 
55,000 
60,000 

Inch. 
0. 
.0004 

.0010 

.0020 

.0080 

.0086 

.0041 

.0047 

.0051 

.0054 

.0056 

.0090 

.0112 

.0140 

.0190 

.0262 

.0400 

.0490 

.0661 

.0072 

.09 

.11 

.15 

.28 

Inch. 

0. 

0. 

InlUal  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
»11.7  per  cent. 

0. 
0. 
0. 
0. 
0. 

51,000 

62,000 
53,000 
54,000 
S6,000 
56,000 
60,000 
64,000 

72,000 

77,200 
0 

.06«1 

.85 

Elongation  of  inch  sections,  ".08,  ".07,  ".20*. 

Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 

Contraction  of  area,  27.6  per  cent. 

Fractured  ".7  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 
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CARBON    AKD   KICKKL   STEEL   INGOTS. 
No.  7585. 


Longitudinal  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  about  1,00()^  F. 

Marks,  C2-0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadf)  per 

square 

Ineh. 


In  ganged  length. 


Elonga- 
llon. 


Pounds. 
l.OUO 
5,000 
10.000 
20,000 
80,000 
35,000 
40,000 
45,000 
50,000 
53,000 
50,000 
51,000 
52, 000 
53.000 
54,000 
56.000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
72,000 
76.000 
76,800 
0 


Ittfh. 

0. 
.0003 
.0009 
.0019 
.0029 
.0034 
.0040 
.0044 
.  ()05() 
.0053 
.0125 
.0170 
.0360 
.MOO 
.0448 
.0522 
.0620 
.0706 
.0810 
.0923 
.1060 
.1210 
.16 
.26 


Inch. 

0. 

0. 


.35 


Reinarkfi. 


Initial  load. 


KliLMtic  limit.    Load  fell. 


.W>28 


Tensile  strength. 
-11.7  percent. 


Elongation  of  inch  sections,  ".10,  ".17*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  T'.ST  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C2-B,  NO.  7576,  CROSS  SECTION, 
CARBON   STEEL  INGOT.     VIAGN-riCATION    180   DIAMETERS. 
STEEL  HEATED   BRIGHT  YELLOvV  AND   QUENCHED   IN   OIL. 


MEl  OTvPE    CC.    BOSTON. 


CARBON   AND   NICKEL   8TEEL   INGOTS. 

No.  7576. 

Longitudinal  specimen. 

Heated  bright  3'ellow  and  quenched  in  oil. 

Marks,  C2-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

rauare 

inch. 

In  gauge<l  length. 

RemarkB. 

Rlonga- 
tion. 

.. 

PmindB. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
56,000 
60,000 
66,000 
70,000 
76,000 
80,000 
84,000 
88.000 
92,000 
98.040 
0 

Inch. 
0. 
.0004 

.0010 

.0020 

.0033 

.0048 

.0064 

.0063 

.0079 

.0102 

.0140 

.0225 

.0333 

.0630 

.07 

.10 

.13 

Inch. 

0. 

0. 

Inital  load. 

Tensile  strength. 
^  5.7  per  cent. 

.0001 
.0006 
.0009 
.0012 

.0038 

.0139 

.0428 

.17 

Elongation  of  inch  sections,  ".04,  ".04,  ".09*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  ".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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GABBON   AND   NIOKEL  STEEL   INGOTS. 

No.  7580. 


Transverse  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  C2-G. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

1 
Remarks. 

Elonga- 
tl«a. 

8et. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
46,000 
60,000 
86,000 
60,000 
66,000 
70,000 
76,000 
80,000 
84,000 
88,000 
92,000 
»..«0 

Tnch. 

0. 

.0002 
.0008 

.0019 

.0080 

.0037 

.0048 

.0061 

.0060 

.00^/9 

.0092 

.0120 

.0210 

.0842 

.0620 

.07 

.09 

.12 

ItiCh. 

0. 
0. 

IniUalload. 

Tensile  strength. 
=>  6.8  per  cent. 

0. 

.0002 
.0006 
.0009 

.0029 

.0180 

.0422 

.16 

^♦,  ';.07»,  ".02. 


Elongation  of  inch  sections,  ".07* 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent 

Fractured  1".07  from  the  neck. 

Appearance,  fine  granular,  dull  spot  at  the  circumference. 


CARBON   AND  NICKEL  8TK£L   INGOTS. 
No.  7577. 
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Longitudinal  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  about 
1,000°  F. 
Marka,  C2-C. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


■qUAre 
fiicb. 

In  gauged  length. 

Remarks. 

"isr-    «««• 

J\mnd9. 
1,000 
6,000 
10,000 
90,000 
80,000 
86,000 

45,000 
48,000 
49,000 
60,000 
61,000 
58,000 
54,000 
66,000 
68,000 
60,000 
64,000 
68,000 
72,000 
78,000 
76.480 
0 

Inch. 

0. 
.0008 
.0010 
.0021 
.0081 
.0038 
.0042 
.0049 
.0068 
.0068 
.0061 
.0092 

Inch. 

Initial  load. 

"o: 

0. 



. 

Elastic  limit. 

Tensile  streuirUi. 
-11  per  cent 

.0029 

.0110 

.0100 

.0262 

.0848 

.0448 

.06 

.09 

.12 

.18 

.0870 

.38 

Elongation  of  inch  sections,  ".04,  ".07, 

Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 

Contraction  of  area,  41.9  per  cent. 

Fractured  ".8  from  the  neck. 

Appearance,  dull,  silky,  oblique. 
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GABBON    AND   NICKEL   STEEL   INGOTS. 


No.  7581. 

Transverse  specimen. 

Heated  brig-nt  yellow,   quenched  in  oil,   and  annealed  at  about 
1,000°  F. 
Marks,  C2-I. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Elonga- 
tion. 


Remarks. 


Pfjundt. 
1,000 
5,000 
10,000 

Inch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0036 
.0041 
.0047 
.0052 
.Oa'ift 

.oa')8 

Inch. 

0. 

0. 

Initial  load. 

20,000 

30,000 
35,000 
40.000 
45,000 

0. 

6. 

60,000 
53,000 

.0001 

54,000 

ElaKtic  limit 

56,000 
56,000 
57,000 

.0114 
.0153 
.0200 
.0238 
.0280 
.0832 
.0388 
.0490 

.(mo 

..0663 
.09 
.12 
.16 

.oaM 

Tensile  strength. 
=  lCf.7  per  cent. 

58,000 

59,000 
60,000 
62,000 
64,000 

.0260 

66,000 
68,000 

72,000 
76,000 

80.000 

83,640 
0 

.82 

Elongation  of  inch  sections,  ".10,  ".15*,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  1".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 


H  Doc  335  57    2 


H  Doc^*?-^  57    2 
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No.  7585. 
Longitudinal  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  about  1,000°  F. 
Marks,  C2-0. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Ill  gauged  length. 


Klongfi- 
tion. 


IiH'h. 
0. 

.0009 
.0019 
.0029 
.0034 
.0(MO 
.0044 
.(X)50 
.0053 

Inch. 

0. 

0. 

0. 

0. 

0. 

.0125 

.0170 

.0360 

.0400 

.0148 

.awi 

.0620 

.0706 

.0810 

.0928 

.1060 

.1210 

.16 

.28 

.0(528 

.36 

Remarks. 


Initial  load. 


KlaHtiR  limit.    Load  fell. 


Tensile  strength. 
11.7  iwrcent. 


Elongation  of  inch  sections,  ".10,  ".17*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".37  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


H  Doc  ^*^*^  57    2 


CABBON    AND   NICKEL   STKEL   INGOTS. 
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224  CARBOK  AND   NICKEL   STEEL   INGOTS. 

Metal  from  Nickel  Steel  Ingot,  Slab  No.  2. 

No.  7616. 

Longitudinal  specimen. 

Natural  state. 

Marks,  N2.A. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadaper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga-           «_. 

1 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
82,000 
88,000 
84,000 
85,000 
86.000 

Inch. 

0. 
.0008 
.0010 
.0014 
.0020 
.0025 
.0061 
.0084 
.0009 
.0041 
.0062 
.0057 
.0064 
.0073 
.0068 
.0123 
.0190 
.0820 
.0455 
.0585 
.0730 
.08 
.10 
.18 
.17 
.20 
.25 
.82 
.45 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

luilUl  load.                                                                            i 
Elastic  limit. 

Tensile  strength. 
»  21.8  per  cent 

37,000 

88,000 

89,000 

40,000 
42,000 

.0079 

44  000 
46,000 

48,000 

60,000 

52,000 

54,000 

66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
66,820 

0 

.64 

Elongation  of  inch  sections,  ".80*,  ".19,  ".15. 

Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 

C!on traction  of  area,  30.6'per  cent. 

Fractured  ".45  from  the  neck. 

Appearance,  dull  leaden  color,  amorphous,  tiuce  of  granulation. 


OABBOHr  AND   NICKEL   STEEL   INGOTS, 
No.  7617. 
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Liongitadinal  specimen. 

Natural  state. 

Marks,  N2-D. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

iDCh. 

In  ganged  length. 

Remarks. 

Elonga- 

Set 

Pounds, 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
81,000 
82,000 
88,000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44.000 
46,000 
48,000 
50,000 
62,000 
54,000 
66.000 
58,000 
60,000 
62,000 
64,000 
66,000 
0 

Inch. 

0, 
.0004 
.0010 
.0015 
.0020 
.0026 
.0081 
.0032 
.0065 
.0089 
.0041 
.0048 
.0060 
.0054 
.0065 
.0078 
.0101 
.0165 
.0290 
.0405 
.0528 
.0670 
.06 
.10 
.12 
.15 
.19 
.23 
.80 
.49 
.60 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elastic  limit  (not  well  defined).. 

Tensile  strength. 
=  20  per  cent. 

.0005 

.0065 

.0606 

Elongation  of  inch  sections,  ".16,  ".17,  ".27*. 

Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Fractured  1".12  from  the  neck. 

Appearance,  dull  silky,  oblique,  small,  light-colored  spots. 

H.  Doc.  336 16 
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OABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7518. 


Longitudinal  specimen.     Defective. 

Natural  state.  ^      < 

Marks,  N2.F. 

Diameter,  ".564. 

Sectional  area,  .25  square  inches. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
83,000 
34,000 
35,000 
36.000 
37,000 
38,000 
39,000 
40,000 
42,000 
0 

Inch. 

0. 

.0003 
.0010 
.0015 
,0021 
.0028 
.0038 
.0088 
.0042 
.0049 
.0059 
.0089 
.0060 

..0095 
.0118 
.0144 
.0172 
.0198 
.0247 
.0290 
.0406 
.06 
.11 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

InitUl  load. 
Elastic  limit. 

Tensile  strength. 
=3.7  per  cent. 

.0020 

.0101 

.0351 

Elongation  of  inch  sections,  ".02,  ".08*,  ".01. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".4  from  the  neck,  at  group  of  blow  holes. 
Appearance,  dull,  amorphous. 


OABBON   AND  NICKEL   STEEL  INGOTS. 
No.  7519. 
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Transverse  specimen. 

Natural  state. 

Marks,  N2-H. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


flquare 
inch. 

Remarku 

Elonga- 
UoK. 

Set. 

I\mn(U. 
1,000 
6,000 
10,000 
20,000 
26,000 
80,000 
81,000 
82,000 
33,000 
34,000 
86,000 
86.000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
56,000 
60,000 
62,000 
64,000 
66,000 
66,800 
0 

Inch. 
0. 
.0008 

.0010 

.0020 

.0026 

.0081 

.0032 

.0064 

.0087 

.0040 

.0048 

.0052 

.0069 

.0070 

.0083 

.0111 

.0190 

.0295 

.0436 

.0640 

.0693 

.06 

.10 

.12 

.15 

.19 

.28 

.80 

.48 

.   Inch. 
0. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=20.3  per  cent. 

.0007 

.0060 

.0629 

.61 

Elongation  of  inch  sections,  ".15,  ".32*,  ".14. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  per  cent. 
Fractured  at  the  middle  ox  the  stem. 
Appearance,  dull,  amorphous,  flaky. 
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OABBOK    AND   NICKEL   8TSEL   INQOTB 


No.  7620. 


Transverse  specimen. 

Natural  state. 

Marks,  N2-E. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

fnch. 

In  ganged  length. 

Remarks. 

Elongir 
tton. 

Set 

Potmds. 
1,000 
5,000 
10,000 
20,000 
26,000 
80,000 
31,000 
82,000 
88,000 
84,000 
35,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62.000 
54,000 
56,000 
66,000 

»SK 
62,000 

68,600 

0 

Inch, 
0. 
.0008 

.0010 

.0020 

.0026 

.0081 

.0085 

.0089 

.0041 

.0047 

.0049 

.0068 

.0000 

.0078 

.0091 

.0126 

.0190 

.0810 

.0445 

.0660 

.0742 

.09 

.11 

.18 

.17 

.21 

.26 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit 

TensUe  strength. 
=»  14  per  cent 

.0010 

.0061 

.0679 

.42 

Elongation  of  inch  sections,  ".11,  ".17*,  ".14. 
Diameter  at  fracture,  ".47;  area,  .1736  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Fractured  1".2  from  the  neck. 

Appearance,  dull  silky.     Band  of  light-colored  metal  across  frac- 
tured surface. 


OABBOK   AKD  NICKEL  STEEL  IHTGOTS. 
No.  7521. 
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LfOngitudinal  specimen. 

Natimtl  state. 

Marks,  N2-M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3''. 


loAOsper 
■qnare 
tiich. 

In  ganged  length. 

Remarks. 

BlongA- 
tion. 

Set 

ANHMb. 

1,000 
6,000 
10,000 
20.000 
26,000 
80,000 

86,000 

86,000 
37,000 
88,000 
89,000 
40,000 

50,000 
62,000 
64,000 
66,000 
66,000 
68,800 

Inch, 

0. 

.0004 
.0010 
.0021 
.0027 
.0088 
.0087 
.0062 
.0060 
.0070 
.0079 
.0096 
.0187 
.0228 
.0680 
.0438 
.0660 
.0718 
.09 
.11 
.18 
.17 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

InltAl  lOMl. 
Elastic  limit. 

T^naUe  strength. 
•-6.8  per  cent. 

.0012 

.0002 

.0649 

.19 

.09*,  ".05. 


Elongation  of  inch  sections,  ".05, 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".4  from  the  neck. 

Appearance,  granular  80  per  cent,  amorphous,  flaky,  20  per  cent 
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OABBON   AND   NICKEL   STEEL   INGOTS. 


No.  7522. 
Lon^tudinal  specimen. 
Natural  state. 
Marks,  N2-P. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  8". 


Applied 

loacb,  per 

square 

inch. 


In  ganged  length. 


Elonga- 
tion. 


Set 


Bemarks. 


PouiuU. 
1,000 
6,000 
10,000 
20,000 
25,000 
80,000 
81,000 
82,000 
83,000 
34,000 
85,000 
86,000 
87,000 
88,000 
S9,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
60,400 
0 


Inch. 
0. 
.0006 

.0010 
.0020 


iNCft. 

0. 

0. 

0. 

0. 

0. 


.0088 
.0088 

.0001 

.0041 

.0044 

.0049 

.0056 

.0067 

.0017 

.0074 

.0009 

.0102 

.0150 
.0240 

.0102 

.0640 

.0465 

.0610 

.0666 

.0801 

.14 

Initial  load. 


Elastic  limit. 


Tensile  strength. 
•=  4.7  per  cent. 


a*,  ".02. 


Elongation  of  inch  sections,  ".08,  ".09* 
Diameter  at  fracture,  ".58;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  1".4  from  the  neck. 

Appearance,  granular,  60  per  cent;  belts  of  light  and  dark  colored 
amorphous  metal,  40  per  cent. 


CABBOK   AND   NICKEL   STEEL   INGOTS. 

No.  7532. 

Longitudinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  N2-Q. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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loads  per 
square 
inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

J\mnds. 
1.000 
5,000 
10,000 
20,000 
30,000 
35,000 

0. 
.0004 

.0010 

.0021 

.0034 

.0043 

.0052 

.0061 

.0071 

.0062 

.0096 

.0111 

.0131 

.0152 

.0184 

.0225 

.0282 

.0338 

.0435 

.06 

.07 

.09 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  4.3  per  cent. 

.0002 

40,000 
45,000 

.0010 

50,000 
65,000 

.0019 

60,000 
65,000 

.0030 

70,000 
75,000 

.0061 

80,000 
85,000 

.0091 

90,000 
95,000 

.0172 

100,000 
104,000 

.0309 

108,000 

112,000 

115,200 

0 

.13 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".03,  ".07*,  ".03. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fi-actured  1".3  from  the  neck. 

Appearance,  dull  silky,  coarsely  serrated.     Two  minute  discolored 
8i)ots  at  circumference. 
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OABBOK   AND   NICKEL   STEEL   INGOTS. 

No.  7526. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loaosper 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 
1,000 
5.000 
10,000 
20,000 
80,000 
85,000 
40,000 
50,000 
60,000 
70,000 
76,000 
78,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
88.000 
90.000 
92,000 
96.000 
100,000 
101,200 
0 

Inch. 
0. 
.0004 

.0010 
.0021 
.0032 
.0087 
.0043 
.0053 

.0078 

.0086 

.0092 

.0100 

.0110 

.0120 

.0182 

.0160 

.0181 

.0215 

.0850 

.0518 

.07 

.11 

.19 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit  about  75,000  pounds  per  square  inch. 

Tensile  strength. 
=  12.3  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0014 

.6467" 

.87 

Elongation  of  inch  sections,  ".04,  ".10,  ".23*. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  ".5  from  the  neck. 
Appearance,  dull  silky,  oblique. 


OABBON   AKD  NICKEL   STEEL  INGOTS. 
No.  7533. 
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Longitadinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  1,000°  db  F. 

Marks,  N2-R. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  2>'\ 


Applied 

lomOA  per 

aaoAre 

inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

iYwNdt. 
1,000 
6,000 
10.000 
20,000 
80,000 
40,000 
50.000 
60.000 
68,000 
09,000 

68,000 

09,000 
70.000 
72,000 
74.000 
76,000 
78,000 
80,000 
84,000 
88,000 
89,600 
0 

Inch, 
0. 
.0008 

.0009 
.0020 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limiL 

Tensile  strength. 
^  10.7  per  cent. 

.0080 
.0041 
.0051 
.0061 
.0071 
.0090 
/        .0112 
\        .0150 
.0188 
.0230 
.0272 
.0832 
.0175 
.0608 
.0726 
.12 
.18 

0. 
0. 
0. 
0. 

.0160 

.0620 

.82 

Elongation  of  inch  sections,  ".04,  ".05,  ".23*. 
Diameter  at  fracture,  ".46;  area,  .1662  square  inch. 
Contraction  of  area,  33.5  per  cent 

Fractured  ".2  from  the  neck.      Appearance,  dull  silky;  oblique, 
pitted  surface. 
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CABBON   AND   NICKBL   STEEL   INGOTS. 

No.  Y528. 


Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  N2-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loadfiper 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundi. 

1,000 

5,000 

10,000 

20,000 

80,000 

85,000 

40,000 

46,000 

60.000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

106,000 

110,000 

110,400 

0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0086 
.0044 
.0050 
.0058 
.0068 
.0077 
.0089 
.0099 
.0111 
.0128 
.0140 
.0160 
.0187 
.0215 
.0251 
.0299 
.0881 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
-2  per  cent 

.0003 
.0007 
.0009 
.0010 
.0012 
.0016 
.0020 
.0026 
.0082 
.0040 
.0060 
.0061 
.0080 
.0100 
.0135 
.0171 
.0246 

.06 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".01,  ".01,  ".04*. 
Diameter  at  fracture,  ".65;  area,  .2376  square  inches. 
Contraction  of  area,  5  per  cent. 
Fractured  1"  from  the  neck. 

Appearance,  granular;  streaks  of  light-colored  metal  across  frac- 
tured surface. 


OABfiON    AND   NICKEL   STEEL   INGOTS. 

No.  7530. 
Longitudinal  specimen. 
Heated  low  yellow  and  quenched  in  oil. 
Marks,  N2-N. 
Diameter,  ".664. 
Sectional  area,  ".25  square  inch. 
Gauged  length,  3". 
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Applied 

loads  per 

sqaare 

Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
60,000 
65,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
96,000 
0 

Inch. 

0. 
.0004 
.0010 
.0022 
.0088 
.0048 
.0051 
.0060 
.0069 
.0078 
.0087 
.0095 
.0107 
.0119 
.0188 
.0149 
.0168 
.0192 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  1.7  per  cent. 

.0002 
.0003 
.0007 
.0009 
.0012 
.0015 
.0019 
.0021 
.0029 
.0084 
.0042 
.0050 
.0065 
.0081 

.05 

Elastic  limit  indefinite. 

elongation  of  inch  sections,  ".04*,  ".00,  ".01. 

Diameter  at  fracture,  ".56;  area,  .2376  square  inch. 

Contraction  of  area,  5  per  cent. 

Fractured  ".75  from  the  neck. 

Appearance,  dull  silky,  trace  of  granulation. 

Petective  specimen.  A  crack  .08  deep  with  dark-colored  walls 
existed  in  the  stem  at  the  place  of  fracture.  The  discoloration  was 
attributed  to  the  operation  of  heating. 
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OABBOH   AWD  NICKEL  0TBEL  UTOOTS. 

No.  7529. 


Transverse  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-L. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  S". 


Tncb. 

Pounda. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
60,000 
60.000 
70.000 
76,000 
76,000 
77.000 
78.000 
79.000 
80.000 
82.000 
84,000 
86,000 
88,000 
90,000 
92,000 
98,680 
0 

In  ganged  length. 

1 
Bemarka. 

KlongB^ 
tlon. 

Indi. 

0. 

.0004 
.0010 
.0021 
.0082 
.0087 
.0042 
.0064 
.0066 
.0077 
.0086 
.0092 
.0120 
.0176 
.0228 
.0800 
.0878 
.0640 
.0666 
.0810 
.1060 
.12 

Het. 

Inch. 

0. 

0. 

InltUl  loMl. 
ElMtic  limit 

Tensile  itrength. 
=>7  per  cent. 

0. 

0. 
0. 
0. 
.0001 

.0201 

.0928 

.21 

Elongation  of  inch  sections,  ".05,  'Ml*,  ".05. 
Diameter  at  fracture,  ".62;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".48  from  the  neck. 

Appearance,  dull  silk}%  oblique.      Streak  of  light-colored   metal 
aci*oss  fractured  surface.' 


OABBOK   AND  NIGKJBL   STEEL   INGOTS. 
No.  7631. 
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Liongitadinal  SDecimen. 

Heated  low  venow,  quenched  in  oil,  and  annealed  at  1,000°  d=  F. 

Marks,  N2.0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

square 
inch. 

In  gauged  length. 

Remarks. 

Elongsr 
tion. 

Set 

XtMCIKM. 

1.000 
6,000 
10,000 
20,000 
80,000 
36.000 
40,000 
46,000 
60,000 
66,000 
60,000 
66,000 
66.000 
67,000 
68,000 
69,000 
70,000 
71,200 
0 

Inch. 

0. 

.0004 
.0009 

.0020 
.0081 
.0087 
.0042 
.0040 
.0064 
.0060 
.0067 
.0076 
.1060 
.0066 
.0094 
.0106 
.0147 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit. 

Tensile  strength. 
=1.7  per  cent. 

0. 

0. 

0. 

0. 
.0002 

.0068 

.06 

Elongations  of  inch  sections,  ".00,  ".01,  ".04*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  ".65  from  the  neck. 

Appearance,  dull  gray,  amorphous  in  part,  with  streak  of  light- 
colored  metal. 

Defective  specimen.     Crack  with  discolored  walls  i"  by  f". 
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CABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7623. 


Longitudinal  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  N2-B. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

30,000 

35.000 

40,000 

>        45,000 

50,000 

56,000 

60,000 

65,000 

70,000 

76,000 

80,000 

104.000 

120,000 

132,000 

140,000 

144.000 

148,000 

151,200 

0 

Inch. 
0. 
.0008 

.0010 

.0020 

.0082 

.0089 

.0046 

.0058 

.0060 

.0068 

.0076 

.0084 

.0095 

.0103 

.0113 

.02 

.03 

.04 

.06 

.07 

.10 

Inch. 

0. 

0. 

Initial  load. 

1 

.0001 
.0001 

.0004 
.0008 
.0009 
.0011 
.0014 
.0019 
.0021 
.0028 

Tensile  strength. 

l.S 

=  5  per  cent.^ 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".06,  ".07*,  ".03. 

Diameter  at  fracture,  ".62;  area,  .2124  square  inch. 

Contraction  of  area,  16  per  cent. 

Fractured  1".3  from  the  neck. 

Appearance,  granular,  cup-shaped. 


CABBON    AND   NICKEL    STEEL   INGOTS. 
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No.  7626. 
Transverse  specimen. 
Heated  bright  yellow,  quenched  in  oil. 
Marks,  N2-G. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loadflper 

square 

inch. 

In  gauged  length. 

Remarks. 

1 

tion. 

Set. 

PumiuU, 
1,000 
5,000 
10,000 
20.000 
80,000 
40,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100,000 
105,000 
110,000 
115,000 
120,000 
125,000 
190,000 
140,000 
150,000 
156,800 
0 

Inch. 
0. 
.0004 

.0010 

.0022 

.0084 

.0048 

.0061 

.0070 

.0078 

.0085 

.0094 

.0102 

.0112 

.0122 

.0137 

.0147 

.0165 

.0176 

.0197 

.0218 

.0240 

.0270 

.0904 

.04 

.06 

Inch. 

0. 

0. 

InlUal  load. 

Tensile  strength. 
^4  per  cent. 

.0001 
.0004 
.0008 
.0010 
.0011 
.0015 
.0018 
.0021 
.0026 
.0080 
.0089 
.0042 
.0051 
.0061 
.0076 
.0090 
.0108 
.0130 
.0158 

.12 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".02, 

Diameter  at  fracture,  ".52;  area. 

Contraction  of  area,  15  per  cent. 

Fractured  ".2   from   the  neck.     Appearance,  dull   gr9,y^   slightly 


.02,  ".08*. 
.2124  square  inch. 


granular.     General  surface  cloae  approach  to  silky. 
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OABBON   AND   KIGKEL   STEEL   INGOTS. 
No.  7524. 


Longitudinal  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  1,000°  db  F. 

Marks,  N2-C. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarkx. 

Elonga- 
tion. 

Set. 

Pounds. 

1.000 

5,000 

10,000 

ao,ooo 

40,000 
60,000 
60,000 
70,000 
72,000 
74,000 
72,000 
78.000 
74,000 
75,000 
76.000 
78,000 
80,000 
82,000 
84,000 
88,000 
92,000 
95,000 
0 

Inch. 

0. 

.0004 
.0010 
.0020 
.0090 
.0040 
.0061 
.0061 
.0071 
.0074 

Inch. 

0. 

0. 

luiUalload. 

1 

Elastic  limit. 
Load  fell. 

6. 

0. 
0. 
0. 
0. 

.0077 

.0119 

.0134 

.0170 

.0198 

.0290 

.0680 

.0510 

.0560 

.0742 

.U 

.16 

Tensile  strength 
=14.3  per  cent. 

.0408 

.4:1 

Elongation  of  inch  sections,  ".30*,  ".08,  ".05. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47. 2  per  cent. 

Fractured  ".75  from  the  neck.     Appeai-ance,  dull  giisky  amorphous, 
oblique.     Coarsely  serrated. 


CABBON   AND   NICKEL   STEEL   INaOTS. 

No.  7527. 
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Transverse  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  1,000^  dbF. 

Marks,  N2-1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loAdJBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

P&undt. 
1,000 
6.000 
10,000 
20.000 
30,000 
40,000 
50,000 
60,000 
70,000 
73.000 
74,000 
75.000 
76,000 
78,000 
80,000 
84,000 
88,000 
92.000 
94,400 
0 

Inch, 
0. 
.0004 

.0010 

.0081 

.0043 

.0068 

.0065 

.0076 

.0078 

.0081 

.0148 

.0178 

.0845 

.M70 

.08 

.12 

.18 

IflCh. 

0. 

0. 

Initial  load. 

Klastlc  limit. 

Tensile  strength. 
•=19  per  cent. 

0. 
0. 

0. 
0. 

.0870 

.67 

Elongation  of  inch  sections,  ".36*,  ".13,  ".OS. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  ".95  from  the  neck.     Appearance,  silky, 
tains  several  light-colored  spots. 
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OABBOK    AND   KIOKEL   STEEL   INGOTS. 


Cabbon  Steel  Ingot. 
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Specimens  from  Block  B4",  piece  a.  Metal  drawn  down  at  a  weld- 
ing heat  in  the  forge  shop  to  a  bar  about  1".5  diameter  by  48"  long, 
from  which  tensile  specimens  were  taken. 

No.  7471. 

Marks,  Carbon  B4~izl. 
Diameter,  1".129. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


eqoaie 
Inch. 

In  gauged  length. 

Remark!. 

Elonga- 
tion. 

Set 

PomndM. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
86,000 
87,000 
88,000 
80,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46.000 
47.000 
48,000 
49.000 
fiO.OOO 
1000 
1,000 
66.000 
60,000 
64.700 
0 

Inehet. 
0. 

.0014 
.0060 
.0068 
.0096 
.0U6 
.0120 
.0640 
.0720 
.0660 
.1860 
.2060 
.2140 
.2260 
.2400 
.2620 
.2800 
.8000 
.3200 
.8460 
.8660 

Inch, 

0. 

0. 

luiUal  load. 
Elantlc  limit. 

Rested  1  hour. 

Tensile  strength. 
-  84. 8  per  cent. 

0. 
.0001 
.0002 

.8456 

.86 
.64 
.88 

2.43 

Elongation  of  inch  sections,  ".20,  ".21,  ".21,  ".18,  ".19,  ".19,  ".19, 
".18,  ".20,  ".40»,  ".30,  ".21,  ".20,  ".2i,  ".19,  ".17. 

Diameter  at  fracture,  ".88;  area,  .6082  square  inch. 

Contraction  of  area,  39.2  ^r  cent. 

Appearance  of  fracture,  silky,  containing  a  seam  about  ".15  deep 
near  me  circumference. 
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CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7472. 


Marks,  Carbon  B4r-a2. 
Diameter,  l'M29. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


loads  per 
■qnare 
inch. 

In  ganged  length. 

RemarkB. 

Elonga- 

Set. 

1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47  000 
48,000 
49,000 
50,000 
1,000 
1,000 
55,000 
60,000 
62,400 
0 

Inehet, 
0. 

.0014 
.0082 
.0066 
.0100 
.0115 
.0182 
.0185 
.2600 
.2640 
.2800 
.8000 
.8210 
.8460 
.8610 
.8815 
.5075 

Inch. 

0. 

0. 

Initial  load. 
EUwtic  limit 

Rested  1  hour. 

Tensile  strength. 
=.  88.6  per  cent. 

0. 
.0001 
.0001 

. 

.4032 

.42 

.55 
1.07 

8.86 

Elongation  of  inch  sections,  ".12,  ".13,  ".17,  ".18,  ".19,  ".19,  ".17, 
".18,  ".17,  ".18,  ".19,  ".18,  ".21,  ".19,  ".40,  ".51^ 
Diameter  at  fracture,  ".78;  area,  .4778  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Appearance  of  fracture,  silky,  containing  a  seam  about  ".40  deep. 


BENDING  TEST. 


Specimen  from  Block  B4,  piece  ft,  was  drawn  out  under  the  hammer 
to  a  oar  28".  76  lone,  and  which  finished  1".62  by  1".75  in  ci-oss-section 
dimensions.  This  oar  was  bent  cold  through  180  degrees  and  closed 
down  without  inipture.  Minute  longitudinal  lines,  dark  in  color, 
appeared  on  the  tension  side  of  the  bend. 


STEEL  SUSPENDER  RODS  FROM  NEW  YORK 
AND  BROOKLYN  BRIDGE. 
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Steel  Suspender  Rods  from  the  New  York  and  Brooklyn 

Bridge. 

Tests  having  reference  to  the  strength  of  suspender  rods,  seven  of 
which  in  the  bridge  were  found  broken  July  24,  1901. 

Klongations  and  sets  determined  during  the  progress  of  the  tests 
were  by  means  of  observations  made  upon  the  movable  head  of  the 
testing  machine. 

The  rods  were  pulled  by  attaching  special  lixtures  to  a  pin  passing 
through  the  eye  at  the  head  of  the  roa  at  one  end  and  pulling  against 
the  nut  on  the  opposite  end,  thus  applying  loads  in  the  same  manner 
direct  tensile  stresses  would  be  received  by  the  rods  in  place  in  the 
bridge. 

The  attachment  employed  to  secure  the  rods  to  the  testing  miachi 
rendered  the  test  pieces  inaccessible  at  the  time. 

Incipient  cracks  at  the  roots  of  the  threads  in  the  old  rods,  No.^ 
6,  6,  and  8,  were  developed  by  the  tests.     The  cracks  extended  arou 
part  of  the  circumference  of  the  rods,  but  were  generally  located  s 
the  extremities  of  the  diameter  which  was  parallel  to  the  axis  of  f 
bridge.    These  cracks  were  seldom  found  on  the  sides  of  tho  i* 
taken  crosswise  the  direction  of  the  length  of  the  bridge      The.r 
position  is  regarded  as  significant  with  reference  to  explainin     i 
causes  which  contributed  to  the  failure  in  service  of  some  of  tho  i  > 
by  indicating  the  direction  in  which  the  overstraining  forces  acted. 

The  direct  tensile  stress  on  the  suspender  rods  m  service,  under 
normal  conditions  of  loading,  is  stated  to  be  11  tons. 

Rod  No.  1,  with  New  Welded  End 

Diameter  of  body,  2^".* 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 43. 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
naoving  parts  of  the  testing  machine. 


A_p^ 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

60,000 

75,000 

100,000 

128,100 

125,000 
145,000 

Inch. 

0. 

.06 

.11 

.14 

i          -21 

Inch. 
0. 
.03 
.04 
.07 
.18 

Initial  load. 

Tensile  8trength-29.600  pounds  per  square  inch  on  body 
of  rod. 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  the  seamy  spot  at  outside  of 
the  head. 
Elongation  on  gauged  length  over  thread,  ".17. 
Elongation  on  gauged  length  over  head,  ".08. 
Elongation  of  pin  hole,  "  ^^ 


.09. 
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Rod  No.  2,  with  New  Welded  End. 
Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  ineasurements  taken  on  the 
moving  parts  of  the  testing  machine. 


YcSr 

In  gauged  length. 

Remarkg. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

60,000 

75,000 

100,000 

126,000 

126,000 

160,000 

160,000 

195,800 

Inch. 
0. 
.07 
.10 
.12 
.18 
.21 
.89 
.50 

Inch. 
0. 
.01 
.02 
.14 
.10 
.18 
.80 

Initial  load 

Set  on  gauged  length  over  thread,  ^  03 
Set  on  gauged  length  over  thread, ».  08. 
Set  on  gauged  length  over  thread, ".  19. 

Tensile  8trength»40, 000  pounds  per  square  inch  on  IxKly 
of  rod. 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".62. 
Elongation  on  g^auged  length  over  head,  ".16. 
Elongation  of  pin  hole,  ".15. 

Rod  No.  3,  with  New  Welded  End. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  leng^th  over  head,  5". 

The  elongations  tabulated  below  refer  to  niea-sureinents   taken  on 
the  moving  parts  of  the  testing  machine. 


I^^ntTuLs. 

1,000 

26,000 

60,000 

75.000 

100,000 

126,000 

128,700 

140,000 

150,000 

160,000 

164,800 


In  gauged  length. 


Elonga- 
tion. 


Inch. 
0. 
.06 
.08 
.10 
.12 
.14 
.16 
.26 
.81 


Set. 


Inch. 
0. 
.03 
.04 
.04 
.05 
.06 
.09 


Remarks. 


Initial  load. 

Set  on  gauged  length  over  thread,  *.  01. 
Set  on  gauged  length  over  thread,  ''.04. 

Set  on  ganged  length  over  thread, ''.16. 

Tenrile  strength-83,600  pounds  per  aqnare  Inch  on  body 


Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  a  seamy  spot  at  the  corner  of 
the  fractured  surface,  outside  of  head. 
Elongation  on  gauged  length  over  thread,  ".24. 
Elongation  on  gauged  length  over  head,  ".11. 
Elongation  of  pin  Bole,  ".13. 
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Rod  No.  4.    Old  Rod  whioh  had  been  Heated  at  Thbeaded  End. 

Diameter  of  body,  2iV"- 
Sectional  area,  5.15  souare  inches. 
Gauged  length  over  thread,  18". 50. 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Ycsr 

In  gauged  length. 

RemarkA. 

Elonga- 
tion. 

Set. 

1,000 

25,000 

60,000 

75,000 

100,000 

125,000 

150,000 

160,000 

162,000 

175,000 

200,000 

225,000 

250,000 

272,600 

India. 

0. 
.07 
.12 
.15 
.18 
.21 
.25 
.28 
.30 
.34 
.54 
.76 

1.05 

Inch, 
0. 
.03 
.05 
.07 

:?? 

.14 

Initial  load 

Set  on  gauged  length  oyer  thread,  ''.02. 
Set  on  gauged  length  over  thread,  ''.OS. 

Set  on  gauged  length  oyer  thread,  ^.06. 
Set  on  gauged  length  oyer  thread,  ''M. 
Set  on  gauged  length  oyer  thread,  o'.14. 

Tensile  strength »52,900pound8  per  square  inch  on  body  of 
rod. 

.19 
.23 
.41 

Fractured  through  the  head  in  front  of  pin  hole. 
Appearance,  granular,  seamy  metal  at  comer  at  outside  of  the  head. 
Opened  cracks  at  root  of  thread  inmaediately  below  the  most  worn 

Sart.    These  cracks  presented  dark-colored  surfaces,  and  were  evi- 
ently  the  development  of  incipient  cracks  which  began  when  the  rod 
was  in  the  bridge,  and  discolored  when  the  rod  was  subsequently  heated 
in  a  smith's  fire.     The  cracks  were  on  opposite  sides  of  the  rod,  about 
30  degrees  from  a  diameter  parallel  to  tne  axis  of  the  bridge. 
Elongation  on  gauged  length  over  thread,  ".65. 
Elongation  on  gauged  length  over  head,  ".35. 
Elongation  of  pin  hole,  ".84. 
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Rod  No.  5.    Old  Rod  which  had  bbek  Heated  at  Threaded  ELmd. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  19".  50. 
Gauged  length  over  hcad^  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Ycsr 

RemArkfl. 

Elonga- 
tion. 

Set. 

PoundB. 

1,000 

60.000 

76,000 

100,000 

126,000 

160,000 

160,000 

161,200 

176,000 

200,000 

226,000 

260,000 

267,000 

Inches. 

0. 
.06 
.06 
.12 
.16 
.22 
.28 
.29 
.84 
.67 
.80 

1.12 

Inch, 

0. 
.02 
.08 
.06 
.07 
.12 

Initial  load. 

Set  on  gauged  length  over  thread,  ".OS. 
Set  on  gauged  length  over  thread,  ^07. 
Set  on  gauged  length  over  thread,  ".24. 

Tensile  Htrength -52,400  pounds  per  square  inch  on  body 
of  rod. 

.19 
.28 
.44 

.     _     _ 

1 

Fractured  in  the  threaded  section,  12"  from  the  end  of  the  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
extending  inward  varying  distances  up  to  i".  Opened  cracks  at  the 
root  of  the  thread  in  the  vicinity  of  the  fracture,  which  were  located 
at  different  places  on  the  circumference  of  the  rod,  excepting  the  sides 
at  right  angles  to  the  axis  of  the  bridge,  in  which  parts  the  cracks 
were  seldom  present.  These  cracks,  like  those  in  the  rod  No.  4,  appar- 
ently represent  progressive  fractures  which  were  in  progress  in  the 
bricfge,  the  surfaces  of  which  were  discolored  when  the  rod  was  sub- 
sequently exposed  to  the  heat  of  the  smith's  fire. 

Elongation  on  gauged  length  over  thread,  ".69. 

Elongation  on  gaup^ed  length  over  head,  ".12. 

Elongation  of  pin  hole,  ".12. 
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KoD  No.  6.     Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2tV"- 
Sectional  area,  5.15  square  inches. 
Grauged  length  over  tnread,  21". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Bet. 

Pimndt. 

1.000 

25»000 

60,000 

75,000 

100,000 

125,000 

150,000 

100,000 

161.600 

175,000 

200,000 

225,000 

248,800 

Inch, 
0. 
.06 
.10 
.13 
.16 
.18 
.26 
.33 
.34 
.41 
.61 
.86 

Inch. 
0. 
.02 
.04 
.05 
.06 
.06 
.16 

Initial  load. 

Set  on  gauged  length  over  thread,  ".01. 
Set  on  gauged  length  over  thread,  ".05. 

Set  on  gauged  length  over  thread,  ".10. 

Set  on  gauged  length  over  thread,  ".30. 

Tensile  strength =48,200  pounds  per  square  inch  on  hody 
ofrod. 

.22 
.28 
.47 

Fractured  13".  25  from  end  of  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
l^enetrating  varying  distances  up  to  ".15. 

Elongation  on  gauged  length  over  thread,  ".74. 
Elongation  on  gauged  length  over  head,  ".12. 
Elongation  of  pin  hole,  "  "■  ^ 
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Bod  No.  7.    Old  Bod  wniCH  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2^". 
Sectional  ai'ea,  4.9  square  inches. 
Gauged  length  over  thread,  21". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


«- 

In  ganged  length. 

RBinarki. 

Elonga- 
tion. 

Set. 

Pwndt, 
1,000 
25,000 
60,000 
75,000 
100,000 
125,000 
150,000 
175,000 
195,400 
200,000 
225,000 
260,000 
818,000 

Jnehet. 

0. 
.10 
.14 
.18 
.21 
.28 
.28 
.87 
.62 
.67 
.80 

1.18 

Inch. 

0. 
.04 
.06 
.07 
.09 
.10 
.15 
.24 
.87 
.41 

Initial  load 

Set  on  gauged  length  over  thread,  O''. 
Set  on  gauged  length  over  thread,  ".07. 
Set  on  gauged  length  over  thread,  ".17. 
Set  on  gauged  length  over  thread,  ".19. 

Set  on  gauged  length  over  thread,  ".49. 
Tensile  strength  »  65,000  pounds  per  square  inch  on  body 
of  rod. 

.92 

Fractured  12"  from  the  end  of  the  rod,  near  the  upper  end  and  most 
reduced  part  of  the  worn  section. 
Appearance,  granular.     No  cracks  opened  at  the  root  of  the  thread. 
EK)ngation  on  gauged  length  over  thread,  2". 06. 
Elongation  on  gauged  length  over  head,  ".30. 
Elongation  of  pin  bole,  ".35. 
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Boi>  No.  8.     Old  Rod  whioh  had  been  Heated  at  Thbeaded  £nd. 

Diameter  of  body,  %f^". 
Sectional  area,  5.15  square  inches. 
Grauged  length  over  thread,  16". 
Grauged  length  over  head.  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
movingr  parts  of  the  testing  machine. 


*sr 

Remarks. 

Elonga- 
tion. 

Set. 

PummU. 

1,000 

25,000 

60,000 

75,000 

100,000 

125,000 

150,000 

175,000 

186,800 

200,000 

225,000 

260,000 

284,900 

Inch. 
0. 
.04 
.07 
.10 
.12 
.16 
.18 
.26 
.33 
.41 
.58 
.81 

Inch. 
0. 
.02 
.02 
.08 
.04 
.06 
.08 
.15 
.21 
.28 

Initial  load. 

Set  on  gKOged  length  over  thread,  ".01. 
Set  on  gauged  length  over  thread,  ".08. 
Set  on  ganged  length  over  thread,  ".06. 
Set  on  gauged  length  over  thread,  ".12. 
Set  on  gauged  length  over  thread,  ".17. 

Set  on  gauged  length  over  thread,  ".  42. 
Tensile  strength  Mw.aoo  pounds  per  square  inch  on  body 
of  rod. 

.64 

Fractured  11". 75  from  end  of  rod. 

Appearance,  granular,  radiating  from  a  dark-colored  spot  at  the  cir- 
cumference. CSacks  with  dark-colored  surfaces  developed  at  the  roots 
of  the  threads  in  the  vicinitv  of  the  fracture.  These  cracks  were  of  the 
same  description  as  those  found  in  other  rods.  They  were  generally 
located  in  and  near  the  plane  of  the  diameter  of  the  rod  wnich  was 
paiidlel  to  the  axis  of  the  bridge.  There  were  no  cracks  opened  in  the 
threads  at  right  angles  to  the  axis  of  the  bridge.  It  is  understood  in 
this  connection  that  the  axes  of  the  pins  through  the  heads  of  the  rods 
occupied  a  position  in  the  bridge  at  right  angles  to  the  direction  of 
the  length  of  the  bridge.  A  number  of  these  cracks  were  visible  after 
250,000  pounds  tension  had  been  applied  to  the  rod. 

Elongation  on  gauged  length  over  thread,  ".81. 

Elongation  on  ^uged  length  over  head,  ".15. 

Elongation  of  pin  hole,  ".15. 
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Rod  No.  10.     New  Rod. 


Diameter  of  body,  2t". 
Sectional  area,  5.94  square  inches. 
Guuged  length  over  thread,  8". 
Grauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Yojr 

In  gauged  length. 

Remarks. 

Elonga- 
tioS. 

Set. 

Pounds. 

1,000 

25,000 

50,000 

75,000 

100,000 

125,000 

150,000 

175,000 

200,000 

225,000 

242,700 

245.000 

250,000 

275,000 

800.000 

325.000 

375,000 

443,000 

Inches. 
0. 
.06 
.10 
.13 
.16 
.18 
.21 
.24 
.27 
.82 
.86 
.39 
.41 
.48 
.65 
.87 
1.27 

Inch. 
0. 
.08 
.06 
.06 
.07 
.08 
.09 
.10 
.12 
.15 
.19 
.21 

Initial  load. 

Set  on  gauged  length  over  thread,  0*. 
Set  on  gauged  length  over  thread,  ''.02. 
Set  on  gauged  length  over  thread,  ''.02. 

Set  on  gauged  length  over  thread,  ".04. 
Set  on  gauged  length  over  thread,  ".W. 
Set  on  gauged  length  over  thread, ''.U. 
Set  on  gauged  length  over  thread,  ''.18. 
Tensile  strength  «74,e00  pounds  per  square  inch  on  body 
of  rod. 

.28 
.43 
.61 
.96 

Fractured  at  the  thread,  7".  75  from  the  end  of  the  rod. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".47. 
Elongation  on  gauged  length  over  head,  ".46. 
Elongation  of  pin  hole,  ".43. 


STEEL   SUSPENDER   RODS. 

Rod  No.  11.    New  Rod 
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Diameter  of  body,  2i". 
Sectional  area,  5.94  square  inches. 
Gauged  length  over  tnread,  8". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  psLVta  of  the  testing  machine. 


AppUed 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Poundt. 

1,000 

25,000 

50,000 

75,000 

100,000 

125.000 

150,000 

175,000 

200,000 

225,000 

260,000 

268.600 

255,000 

276,000 

300,000 

335,200 

Inch. 
0. 
.05 
.08 
.11 
.13 
.15 
.17 
.20 
.28 
.26 
.30 
.33 
.35 
.40 
.49 

Inch. 

: 

02 
.03 
.04 
.04 
.05 
.06 
.06 
.08 
.10 
.12 
.16 
.17 
.20 
.29 

Initial  load. 

Set  on  ganged  length  over  thread,  ^t). 
Set  on  gauged  length  over  thread,  ^02. 
Set  on  gauged  length  over  thread,  ''.OS. 
Set  on  gauged  length  over  thread,  ".05. 
Set  on  gauged  length  over  thread,  ".08. 
Tenaile  strength -56,400  pounds  per  square  inch  on  body 
of  rod. 

Fractured  in  the  head,  across  the  pin  hole. 

Appearance,  granular,  radiating  from  the  corner  of  the  fractured 
surfaces. 

Elongation  on  gauged  length  over  thread,  ".12. 
Elongation  on  gauged  length  over  head,  ".19. 
Elongation  of  pin  hole,  ".17. 
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NO.   3. 

APPEARANCE   Of   NEW   RODS,  SHOWING   LOCATION   OF   FRACTURES 

MADE    IN    THE    TESTING   MACHINE. 


NO.  7. 

FRACTURED  SURFACE  OF  ROD  NO.  5,  MADE  DURING  TESTING. 

THE  DARK  SPOTS  AT  THE  CIRCUMFERENCE,  BELOW  THE  THREAD,  SHOW  INCIPIENT 

CRACKS  EXISTING  IN  THE  ROD  BEFORE  TESVlNG. 


HEl-'OTYPE    CO.,     BOSTON 


NO.  8. 

FRACTURED  SURFACE  OF  ROD  NO.  6,  MADE  DURING  TESTING. 

THE  DARK  SPOTS  AT  THE  CIRCUMFERENCE,  BELOW  THE  THREAD,  SHOW  INCIPIENT 

CRACKS  EXISTING  IN  THE  ROD  BEFORE  TESTING. 


MEUOTYPe   CO.,    BOSTON. 


NO.  9. 

FRACTURED  SURFACE  OF  ROD  NO.  8,  MADE  DURING  TESTING. 

THE  DARK  SPOTS  AT  THE  CIRCUMFERENCE,  BELOW  THE  THREAD,  SHOW  INCIPIENT 

CRACKS  EXISTING  IN  THE  ROD  BEFORE  TESTING. 


MttroTvpe  CO.,  iosroN. 


THREA[jEn   FART   OK   KOU    NU.   &,   SHOWING   INCIPIENT   CRACKS   AT   ROC' I    Of-    THREADS, 
//hiCH    EXIST^n   IN   THE   RO")    B-FORE   TE^I   NG. 


THREADED  PART  OF  ROD   NO.  6,  SHOWING  INCIPIENT  CRACKS  AT   ROOT   OF  THREADS, 
WHICH   EXISTED   IN  THE   ROD   BEFORE  TESTING. 


MELIOTYPE   CO..    BOSTON. 


THREADED  PART  OF  ROD  NO.  8,  SHOWING  INCIPIENT  CRACKS  AT  ROOT  OF  THREADS, 
WHICH  EXISTED  IN  THE  ROD   BEFORE  TESTING. 
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Endurance  of  Rotating  Shafts, 
details  of  tests. 

No.  300.     Marks,  9-Cl. 

Turned  down  from  bar  li"  diameter;  0.82  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  1,800  and  500  per  minute. 
Length  between  end  supports,  83". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hoi 


Maxi. 

muih 
fiber 

strm 
per 

■qnare 

inch. 

Number  of  rotaUons. 

Micrometer  readings 
for  deflections. 

De- 
flec- 
Uons. 

Sete. 

SucoeariTe. 

Total. 

On 
line. 

Un- 
load, 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Remarku. 

Pound$ 
80.000 

85,000 
40.000 
45,000 

0 

0 

a 
b 
c 

Inch, 

.2002 
.2008 

Inch. 
.1766 
.1768 
.1767 

Inch, 
.2006 
.2002 
.2002 

Inch. 
.0240 
.0289 
.0236 

Inch, 
0. 
0. 
.0001 

49.477,800 
0 

49.477,800 
49,477,800 

Bar  rested  without  load 

a 
b 
c 

S 

c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1653 
.1649 
.1650 

.1652 
.1649 
.1649 

.1662 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1662 
.1649 
.1649 

.1662 
.1649 
.1650 

.1658 
.1649 
.1650 

.1654 
.1660 
.1652 

.1662 
.1662 
.1662 

.1668 
.1666 
.1664 

.1408 
.1405 
.1406 

.1406 
.1408 
.1406 

.1409 
.1407 
.1407 

.1368 
.1360 
.1360 

.1366 
.1362 
.1365 

.1366 
.1363 
.1362 

.1824 
.1824 
.1823 

.1826 
.1824 
.1322 

.1825 
.1820 
.1324 

.1282 
.1278 
.1277 

.1277 
.1281 
.1277 

.1270 
.1274 
.1270 

.1653 
.1649 
.1649 

.1662 
.1649 
.1649 

.1662 
.1649 
.1649 

.1661 
.1649 
.1649 

.1662 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1651 
.1648 
.1649 

.1651 
.1648 
.1648 

.1661 
.1647 
.1647 

.1648 
.1647 
.1646 

.1646 
.1644 
.1648 

.0246 
.0244 
.0244 

.0246 
.0246 
.0248 

.0243 
.0242 
.0242 

.0283 
.0289 
.0289 

»286 
.0287 
.0284 

.0287 
.0286 
.0287 

.0828 
.0325 
.0326 

.0825 
.0324 
.0827 

.0826 
.0828 
.0324 

.0869 
.0874 
.0870 

.0871 
.0866 
.0868 

.0876 
.0870 
.0873 

0. 
0. 
.0001 

0. 
0. 
0. 

0. 

t: 

.0001 
0. 
0. 

0. 
0. 
0. 

!: 

0. 

0. 
0. 
0. 

.0001 
.0001 
.0001 

.0002 
.0001 
.0002 

.0008 
.0008 

.0006 

.0004 

.0005 
.0007 

.0008 

.0011 
.0011 

an  interval  of  6  years 
7  months,  at  the  end 
of  which  rest  the  te8t 
was  resumed,  the 
speed  of  rotation  now 
being  500  per  minute, 
other  conditions  of 
the  test  as  before. 

1,000 

49,478,800 

9,000 

49.487,800 

0 

49.487.800 

1.000 

49.488.800 

9.000 

49,497.800 

0 

49,497.800 

1.000 

49.496.800 

0,000 

49.607.800 

0 

49,607,800 

1.000 

49,608.800 

9.000 

49,617,800 

128,840 

49.641.140 

Bar  niptnredatthe  south 
edge  of  north  middle 
bearing. 
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No.  301.     Marks,  7  B  17  Yl— i. 

Turned  down  from  bar  li"  diameter;  0.32  per  cent  carbon;  1.20 
manganese. 
Diameter,  1".     Speed  of  rotation,  750  and  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflection  measured  on  chord  of  10". 


Maxi- 
mtun 
fiber 

Btren 
per 

square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Succemdve. 

Total. 

On 
line. 

Un- 
load- 
ed. 

TiOad- 
ed. 

Un- 
load- 
ed. 

Ptmnds 
40,000 

45,000 
60,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.2008 
.2006 
.2012 

.2008 
.2006 
.2012 

.2006 
.2005 
.2012 

.2008 
.2007 
.2011 

Inch. 
.1690 
.1688 
.1694 

.1688 
.1686 
.1691 

.1680 
.1680 
.1685 

.1688 
.1686 
.1691 

Inch. 
.2008 
.2006 
.2012 

.2008 
.2006 
.2011 

.2006 
.2005 
.2012 

.2008 
.2007 
.2011 

Inch. 
.0318 
.0318 
.0318 

.0320 
.0320 
.0820 

.0326 
.0326 
.0327 

.0320 
.0322 
.0820 

Inch. 
0. 
0. 
0. 

0. 
0. 
.0001 

0. 
0. 
0. 

0. 
0. 
0. 

Bar  warm,  about  150°  F. 

Measurements  repeated 
after  bar  was  cold. 

Bar  rested  without  load 
an  interval  of  4  yearn 
3  months,  at  the  end 
of  which  rest  the  test 
was    resumed,    the 
speed  of  rotation  now 
being  500  per  minute, 
other     conditions  of 
the  test  as  before. 

10,000 

10,000 

90,000 

100,000 

0 

100,000 

80,018,000 
0 

80,118,000 
80,118,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1655 
.1663 
.1659 

.1664 
.1652 
.1669 

.1655 
.1654 
.1659 

.1654 
.1653 
.1659 

.1655 
.1653 
.1658 

.1639 
.1635 
.1642 

.1638 
.1636 
.1643 

.1638 
.1636 
.1613 

.1688 
.1686 
.1643 

.1335 
.1331 
.1342 

.1326 
.1327 
.1340 

.1298 
.1287 
.1296 

.1292 
.1290 
.1295 

.1289 
.1290 
.1294 

.1275 
.1278 
.1283 

.1239 
.1236 
.1244 

.1234 
.1233 
.1241 

.1237 
.1233 
.1241 

.1655 
.1653 
.1659 

.1664 
.1652 
.1658 

.1655 
.1653 
.1669 

.1654 
.1653 
.1659 

.1654 
.1652 
.1668 

.1639 
.1636 
.1641 

.1638 
.1636 
.1643 

.1638 
.1635 
.1642 

.1638 
.1635 
.1641 

.0320 
.0322 
.0317 

.0328 
.0325 
.0318 

.0357 
.0366 
.0363 

.0362 
.0363 
.0364 

.0365 
.0362 
.0864 

.0364 
.0357 
.0358 

.0899 
.0399 
.0399 

.0404 
.0402 
.0401 

.0401 
.0402 
.OWO 

0. 
0. 
0. 

0. 
0. 
.0001 

0. 

.0001 
0. 

0. 
0. 
0. 

.0001 
.0001 
0. 

0. 
0. 
.0001 

0. 

.0001 
0. 

0. 
0. 
.0001 

0. 
.0001 
.0002 

1,000 

80,119,000 

0 

80,119,000 

1,000 

80,120,000 

9,000 

80,129,000 

6,489,000 

86,618,000 

0 

86,618,000 

1,000 

86,619,000 

9,000 

86,628,000 

NO.  301  . 
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Maxi- 
mum 
fiber 

BtieSB 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

SeVi, 

Remarks. 

Succeflrive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
55,000 

7,963,490 

94,611,490 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1646 
.1640 
.1638 

.1644 
.1641 
.1689 

.1643 
.1641 

Inch. 
.1237 
.1234 
.1287 

.1198 
.1200 
.1199 

.1205 

Inch. 
.1644 
.1640 
.1638 

.1644 
.1640 
.1639 

.1643 
.1640 
.1638 

.1645 
.1640 
.1638 

.1644 
.1640 
.1638 

Inch.  I   Inch. 
.0407       .0001 
.0406  1  0. 
.0401  !  0. 

.0446  1  0. 
.0440       .0001 
.0440     n 

Bar  ruptured  ".no  Houth 
of  south  edge  of  south 
middle  bearing. 

0 

94,611,490 

1,000 

94,612,490 

.W38 
.0439 
.0488 

.0438 
.0435 
.0485 

.0441 
.0439 
.0438 

0. 
.0001 
.0001 

-.0001 
.0001 
.0001 

0. 
0. 
.0002 

.  1639  !. 1200 

.1644  ;  .1207 
.1641     .1205 
.1639  '  .1203 

.1644  1  .1203 
.1640  1  .1201 
.1640  1  .1200 

9,000 

94,621,490 

100,000 

94,721,490 

797,520 

95,519,010 

No.  308.     Marks,  11-C3. 

Turned  down  from  bar  IJ"  diameter;  1.09  per  cent  carbon.     Hot 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lienetb  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
strew 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Remarks. 

Succeeaive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

0 

a 
b 
c 

a 

b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1270 
.1278 
.1272 

.1270 
.1278 
.1278 

.1270 
.1273 
.1270 

.1330 
.1340 
.1885 

.1375 
.1898 
.1398 

Inch. 
.0949 
.0949 
.0945 

.0942 
.0941 
.0989 

.0935 
.0939 
.0936 

.0987 
.0991 
.0989 

.1036 
.1039 
.1041 

Inch. 
.1269 
.1272 
.1272 

.1269 
.1271 
.1271 

.1267 
.1271 
.1268 

.1826 
.1829 
.1325 

.1875 
.1381 
.1882 

Inch. 
.0820 
.0823 
.0827 

.0327 
.0330 
.0382 

.0332 
.0332 
.0882 

.0838 
.0888 
.0336 

.0339 
.0342 
.0341 

Inch.  • 
.0001  i 
.0001  , 
0. 

• 

1,000 

1,000 

.0001 
.OOOU 
.0002 

.0003 
.0002 
.0002 

.ooa'i 

.0011 
.0010 

0. 
.0012 
.0016 

9,000 

10,000 

177,200 

187.200 

869,600 

1,046,800 
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Maxi- 
mum- 
fiber 
stren 
per 
square 
inch. 


PouTtda 


46,000 


Number  of  rotations. 


Micrometer  readings  for  | 
deflections.  , 


SucceasiTe. 


9,631,850 
42,316,060 


47,969,090 


28,626,660 
767,310 


Total. 


10,678,150 
62,993,210 


On 
line. 


100,962,300 


I    b 


1,000 


10,000 


132,740 
0 


1,000 


10,000 


904,010 
102,290 


129,688,950  |  a 
b 
c 


130,366,260 


130,356,260 


130,367,260 


130,367,260 


130,600,000 
130,600,000 


130,501,000 


130,511,000 


131,415,010 
131,617,300 


Un- 
load- 
ed. 


Inch, 
.1456 
.1468 
.1462 

.1664 
.1665 
.1666 

.1566 
.1666 
.1667 

.1666 
.1665 
.1656 


.1666 
.1656 
.1659 

.1668 
.1656 
.1669 

.1666 
.1667 
.1669 


Load- 
ed. 


Iwh. 
.1108 
.1110 
.1111 

.1219 
.1219 
.1220 

.1228 
.1227 
.1228 

.1224 
.1223 
.1224 


.1664 
.1666 
.1667 

.1666 
.1659 
.1669 

.1658 
.1660 
.1660 

.1669 
.1677 
.1667 


.1325 
.1327 
.1328 

.1326 
.1326 
.1329 

.1328 
.1330 
.1329 


.1287 
.1285 
.1291 

.1281 
.1286 
.1283 

.1277 
.1287 
.1285 

.1263 
.1260 
.1256 


Un- 
load- 
ed. 


De- 
flec- 
tlona. 


Inch. 
.1448 
.1461 
.1461 

.1646 
.1649 
,1649 

.1663 

.1568 
.1664 

.1663 
.1563 
.1664 


.1666 
.1666 
.1667 

.1656 
.1656 
.1667 

.1665 
.1656 
.1667 


.1664 
.1664 
.1666 

.1664 
.1655 
.1666 

.1652 
.1656 
.1665 

.1643 
.1646 
.1642 


Inch.  I  Inch. 

.0840  I  .0007 

.0841  I  .0007 

.0840  .0011 

.0327  ,  .0006 

.0830  I  .0006 

.0829  .0006 


.0326  ; 


.0002 
.0002 


.0829  ,  .0008 
.0880  .0002 
.0830   .0002 


.0881 
.0328 
.0329 

.0830 
.0829 
.0328 

.0327 
.0326 


.0367 
.0369 
.0666 

.0873 
.0369 
.0378 

.0375 
.0868 
.0370 


.0385 
.0886 


.0001 
.0002 

.0002 

.0001 
.0002 

.0001 
.0002 
.0002 


.0001 
.0001 

.0002 
.0004 
.0008 

.0006 
.0006 
.0006 

.0016 
.0082 
.0025 


Remarkn. 


Bar  rested  without  load 
an  interyal  of  10 
months,  at  the  end  of 
which  rest  the  test 
was  resumed,  under 
same  conditions  as 
before. 


Barruptnied  'MOtonth 
of  the  south  ed^  of 
the  north  middle 
bearing. 


NO,  309. 
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No.  309.     Marks,  7-Bl. 

Turned  down  from  bar  li"  diameter;  0.73  per  cent  carbon.     Hot 
rolled  bar. 
Diameter,.!".     Speed  of  rotation,  500  per  minute. 
Lienffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Mftxi- 

mnm 
fiber 
8tre» 
per 
square 
inch. 


vii««ka..  «♦  «r.*.*ir^n«    '  Miciometer  readings  for 
Number  of  rotaUons  deflections.  i 


SucceflRive. 


40,000 


46,000 


1.000 


9,000 


84,700 
924,000 


9,406,510 
41,274,760 


Total. 


On 
line. 


0  ,    a 

...I    b 


1,000  ,    a 
1    b 


10,000 
94,700 


1,018,700 


10,427,210 
51,701,970 


51.565,330 


103.267,S00 


46,567,860 


11,370 


149,835,160 


149,846,530 


153,470 
0 


1,000 


10,000 


9,489,000 


150.000,000 
150,000,000 


150,001,000 


150,011,000 


159.500,000 


Un- 
load- 
ed. 


Inch. 
.1320 
.1319 
.1318 

.1320 
.1318 
.1317 

.1319 
.1818 
.1318 

.1329 
.1328 
.1329 

.1376 
.1376 
.1374 

.1446  , 
.1444  I 
.1443  I 

.1M2  I 
.1541 
.1540  ' 

.1549  ' 

.1646 

.1546 


Load- 
ed. 


Un- 
load- 
ed. 


'  De- 
I  flec- 
I  tionM. 


Inch. 
.0994 
.0991 
.0991 


Inch.  \ 
.1320 
.1318  I 
.1318 


.0995  .1320 

.0991  I  .1318 

.0992  I  .1317 

.0995  I  .1319 

.0994  '  .1317 

,0992  I  .1318 

.1001  .1328 

.1003  .1327 

.1000  I  .1327 

.1049  I  .1376 

.1049  I  .1374 

.1048  I  .1374 

1118  '  .1444 

1116  1  .1443  ' 

1116  . 1443  I 

1217  I  .1642  I 

1214  t  .1540 

1213  I  .1540 

.1548 


.1644 
.1643 
.1642 


.1216 
.1215 
.1212 


.1322 
.1321 
.1320 


.1647 
.1644 
.1644 

.1646 
.1644 
.1644 

.1646 
.1645 
,1644 

.1629 
.1629 
.1628 


.1280 
.1282 
.1283 

.1288 
.1283 
.1280 

.1285 
.1283 
.1282 

.1264 
.1259 
.1259 


.  1546  I 
.  1545  I 


Inch. 
.0826 
.0327 
.0827 

'  .0325 

.  .0327 

.0325 

.0324 
.0323 
.0326 

.0327 
.0324 
.0327 

I  .0327 

I  .0325 

.0326 

.0326 
.0827 
.0327 

I  .0325 
,  .0326 
I  .0327 

0832 


I 


.1644 
.1642 
.1642 


.0322 
.0321 
.0322 


I 


.1646  I  .0365 
.1643  I  .0361 
.1643  .0360 

.1645  .0857 
.1643  I  .0860 
.1643   "" 


.1645 
.1643 
.1642 


.1629 
.1626 
.1625 


.0365 
.0367 


Inch. 
0. 

.0001 
0. 

0. 
0. 
0. 


.0001 
.0001 
.0002 


.0001 
.0001 
0. 


.0001 


.0001 
0. 
.0001 


.0001 


.0002 
.0001 
.0001 

.0001 
.0001 
.0001 

.0001 
.0002 
.0002 

0. 
.0003 
.0003 


RemarkH. 


Bar  rested  without 
load  an  interval  of  10 
months,  at  the  end  of 
which  rest  the  test 
was  resumed,  under 
same  conditions  as 
before. 


264 


KKDDRANOE   OF   BOTATINO   SHAFTS. 


Maxi- 

mum 
fiber 
stress 
per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets, 

1 
1 
1 

Succeflsive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Remarks. 

Pounds 
SO,  000 

» 

ir>9,«)0,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1683 
.1680 
.16229 

.1690 
.1680 
.1629 

.1685 
.1630 
.1690 

7lM!A. 

.1225 
.1220 
,1221 

.1222 
.1217 
.1218 

.1224 
.1219 
.1218 

Inch. 
.1680 
.1627 
.1626 

.1680 
.1627 
.1626 

.1630 
.1627 
.1625 

Inch. 
.0405 
.0407 
.0405 

.0408 
.(MIO 
.0408 

.0406 
.0408 
.0107 

Inch. 
.0003 
.0003 
.0003 

0. 
.0003 
.0008 

.0Q06 

.0003 
.0005 

Bar  mptored   midwav 
the  north  and  south 
middle  bearings.          i 

1,000 

169,501,000 

9,000 

159,610,000 

344,050 

159,8&4,060 

No.  310.     Marks,  9-C  2. 

Turned  down  from  bar  li"  diameter;  0.82  per  cent  carbon, 
rolled  bar. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hot 


Maxi- 
mum 
fiber 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sete. 

Remarks. 

stress 

per 

square 

inch. 

Ruccessive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

40,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1346 
.1346 
.1343 

.1345 
.1346 
.1345 

.1345 
.1345 
.1844 

.1369 
.1356 
.1352 

.1412 
.1416 
.1413 

.1477 
.1476 
.1476 

.1575 
.1676 
.1572 

Inch. 
.1018 
.1016 
.1015 

.1020 
.1016 
.1014 

.1009 
.1016 
.1010 

.1020 
.1024 
.1018 

.1077 
.1076 
.1075 

.1143 
.1146 
.1145 

.1242 
.1244 
.1242 

Inch. 
.1345 
.1345 
.1343 

.1315 
.1346 
.1344 

.1344 
.1844 
.1841 

.1366 
.1368 
.1360 

.1412 
.1413 
.1410 

.1474 
.1474 
.1472 

.1573 
.1574 
.1570 

Inch. 
.0327 
.0329 
.0828 

.0825 
.0329 
.0880 

.0836 
.0328 
.0831 

.0835 
.0829 
.0382 

.0336 
.0387 
.0386 

.0881 
.0829 
.0827 

.0831 
.0830 
.0828 

Inch. 
.0001 
.0001 

0. 

0. 
.0001 
.0001 

.0001 
.0001 
.0003 

.OOM 
.000^2 
.0002 

0. 
.0003 
.0003 

.0008 
.0002 
.0003 

.0002 
.0001 
.0002 

1,000 

1,000 

9,000 

10,000 

189,600 

199,600 

908,000 

1,107,500 

10,640,600 

11,748,100 

39,087,820 

50,785,920 
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Maxi- 
mum 
fiber 
9trea 
per 

Number  of  loUtlonfl. 

Micrometer  readings  lor 
deflectlona. 

De- 
flee- 
Uons. 

Sete. 

Remarks. 

Succeslve. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pmmda 
45.000 

51,314,240 

102,100,160 

a 
b 
c 

a 
b 
c 

Inch. 
.1679 
.1677 
.1676 

.1680 
.1660 
.1676 

Twh. 
.1249 
.1248 
.1244 

.1250 
.1246 
.1246 

Inrh. 
.1678 
.1577 
.1574 

.1580 
.1579 
.1576 

Inch. 
.0329 
.0329 
.0330 

.0330 
.0333 
.0830 

Inch. 

.0001 
0. 

.0001 

0. 
.0001 
0. 

Bar  rested  without  load 
an  Interval   of    10 
months,  at  the  end  of 
which  rest  the  test  was 
resumed,  under  same 
conditions  as  before. 

Bar  ruptured  l.'HO south 
of  the  south  edge  of 
north  middle  bearing. 

49,169,090 

161,209,250 

764,  UQ 
2,090 

162,023,360 
162,025.460 

a 
b 
c 

a 

b 
c 

a 
b 
c 

.1679 
.1678 
.1674 

.1677 
.1677 
.1676 

.1678 
.1677 
.1676 

.1361 
.1360 
.1367 

.1867 
.1367 
.1366 

.1368 
.1368 
.1356 

.1678 
.1677 
.1674 

.1676 
.16T6 
.1674 

.1677 
.1676 
.1674 

.0817 
.0317 
.0317 

.0819 
.0819 
.0319 

.0819 
.0818 
.0318 

.0001 
.0001 
0. 

.0001 
.0001 
.0001 

.0001 
.0001 
.0001 

1.000 

152,026,460 

10.000 

162,036,460 

464,270 
0 

162,600,720 
162,600,720 

a 
b 
c 

a 
b 
c 

a 

a 
b 
c 

a 
b 
c 

.1678 
.1678 
.1676 

.1679 
.1678 
.1676 

.1679 
.1678 
.1677 

.1684 
.1681 
.1679 

.1683 
.1683 
.1679 

.1824 
.1824 
.1320 

.1322 
.1322 
.1820 

.1322 
.1322 
.1319 

.1304 
.1304 
.1302 

.1309 
.1309 
.1306 

.1678 
.1677 
.1676 

.1678 
.1677 
.1676 

.1678 
.1677 
.1676 

.1673 
.1672 
.1669 

.1673 
.1673 
.1670 

.0854 
.0353 
.0866 

.0656 
.0856 
.0365 

.0866 
.0355 
.0656 

.0369 
.0368 
.0867 

.0364 
.0364 
.0366 

0. 
.0001 
.0001 

.0001 
.0001 
0. 

.0001 
.0001 
.0002 

.0011 
.0009 
.0010 

.0010 
.0010 
.0009 

1,000 

152,501.720 

10,010 

162,611,730 

928,280 

163,440,010 

47,630 

163,487,640 

784,440 

154,271,980 

2166 
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\o.321.    Ifarks,  7X2,  1. 

Tonied  down  from  bar  li"  diameter.     0.25  per  cent  carbon. 
jm^fit  al  low  heat 
PiiMTO^trr  1".    Speed  of  rotation,  600  per  minute 
IjMEth  between  end  supports,  33". 
I^^2ed  over  4"  length  at  middle. 
IViectioiis  measured  on  chord  of  10". 


An- 


IV*^ 


\^^ 


jMwwify. 

trotoUona. 

Micrometer  readings  for 

De- 
flec- 
tions. 

Seta, 

ToUl. 

1 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

1 

0 

0 

A 

b 
c 

A 

b 
c 

a 
b 

Inch, 

.1668 
.1547 
.1668 

.1657 
.1547 
.1568 

.1558 
.1544 
.1568 

.1669 
.1546 
.1670 

.1660 
.1547 
.1669 

.1560 
.1516 
.1671 

Inch. 
.1229 
.1218 
.12S4 

.1222 
.1210 
.1229 

.1224 
.1208 
.1236 

.1229 
.1216 
.1289 

.1230 
.1218 
.1238 

.1'227 
.  1214 
.1235 

Inch, 
.1557 
.1546 
.1566 

.1566 
.1546 
.1666 

.1667 
.1543 
.1568 

.1567 

.1545 

1568 

Inch, 
.0828 
.0828 
.0632 

.0834 
.0386 
.0337 

.0833 
.0336 
.0838 

.0828 
.0329 
nft>>o 

Inch, 
.0001 
.0001 
.0002 

.0001 
.0002 
.0002 

.0001 
.0001 
0. 

.0002 
.0001 
.0002 

0. 
.0001 
0. 

0. 
0. 
.0001 

i.«»  i        i.«» 

^MO  !         10,000 

1 

c 

a 
b 

\w^W      M7M60 

>x*N^T*  -.^:*!^'^. 

a 
b 
c 

a 
b 
c 

.1569     .0829 
.1546     .0828 
.1569  '    nivn 

«t#».s» 

44,176,730 
44.»3D,880 

44. 980.980 

4R,  000, 000 

4R,  000, 000 

..* 



4A,  001, 000 
4A,  900, 790 

.1560 
.1M6 
,1570 

.0833 
.0832 
.0835 

Bar  rated  wlthoat  load  i 

1«0 

a 
b 
c 

.1664 
.1618 
.1674 

.1334 
.1316 
.1348 

.1664 
.1647 
.1674 

.0830 
.0381 
.0826 

0. 
.0001 
0. 

an    interval   of   10 1 
montha,   at   the  end 
of  which  rest  the  test 
was  resumed,  under 
aame    oonditlona    as 
before. 

Bar  ruptured  ",08  south 
of  the  north  edge  of 
north    middle    bear- 
ing. 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1665 
.1649 
.1674 

.1666 
.1649 
.1675 

.1661 
.1649 
.1676 

.1294 
.1277 
.1305 

.1294 
.1283 
.1304 

.1286 
.1269 
.1299 

.1664 
.1647 
.1674 

.1664 
.1648 
.1674 

.1661 
.1648 
.1673 

.0370 
.0670 
.0369 

,0370 
.0365 
.0370 

.0876 
.0879 
.0374 

.0001 
.0002 
0. 

.0001 
.0001 
.0001 

0. 
.0001 
.0003 

1 

mum 

fiber 

ttrem 

per 


PommdB 


al.IUJMi>  MIMLU 


«.!».•»•  ILjatJS^' 


'm.mi  lECJKUi^ 


\  4^«l> 


FRACTURED  £ND^'   OT  f  Ni  >  J-s  A/,..  F    N't^^l- 


Hg',t,ltTPf     .-u       fn^Tnj,,^^ 
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No.  321.     Marks,  7  X  2,  1. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.    An- 
nealed at  low  heat. 
Diameter,  1".     Speed  of  rotation,  600  per  minute 
Length  between  end  supports,  33". 
Loaded  over  4t'  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Haxi- 

fiber 

BtresB 

per 

square 

inch. 


Number  of  rotations. 


Succemive. 


Total. 


Micrometer  readings  for 
deflectiouB. 


On 
Une. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


PowmU 
40,000 


1,000 


1,000 


9,000 


10,000 


8,168,160 


3,178,160 


18,096,740 


21,274,900 


22,901,830 


44,176,730 


754,100 


160 


44,930,880 


44,930,980 


46,000 


09,020 
0 


45,000,000 
45,000,000 


1,000 


45,001,000 


899,790 
21,850 


45,900,790 
45,922,640 


Inch. 

.1558 
.1547 
.1568 

.1557 
.1547 
.1668r 

.1558 
.1544 
.1568 

.1550 
.1546 
.1570 

.1559 
.1547 
.1569 

.1560 
.1516 
.1571 


Inch. 
.1229 
.1218 
.1234 

.1222 
.1210 
.1229 

.1224 
.1206 
.1235 

.1229 
.1216 
.1239 

.1230 
.1218 
.1238 

.1227 
.1214 
.1235 


Inch. 
.1557 
.1546 
.1666 

.1566 
.1545 
.1666 

.1657 
.1548 
.1568 

.1657 
.1545 
.1568 

.1569 
.1546 
.1669 

.1560 
.1546 
.1570 


Inch. 
.0328 
.0328 
.0832 

.0834 
.0335 
.0887 


.0336 


.0829 
.0829 

.0829 

.0328 
.0681 

.0633 
.0332 
.0836 


Inch. 
.0001 
.0001 
.0002 

.0001 
.0002 
.0002 

.0001 
.0001 
0. 

.0002 
.0001 
.0002 


.0001 


0. 
0. 
.0001 


.1664 
.1648 
.1674 


.1334 
.1316 
.1318 


.1664 
.1647 
.1674 


.0330 
.0831 


Bar  rested  without  load 
an  interval  of  10 
months,  at  the  end 
of  which  rest  the  xe^ 
was  resumed,  under 
same  conditions  aa 
before. 


.0001 


.1665 
.1619 
.1674 

.1665 
.1649 
.1675 

.1661 
.1649 
.1676 


.1294 
.1277 
.1305 

.1294 
.1283 
.1304 

.1285 
.1269 
.1299 


.1664 
.1647 
.1674 

.1664 
.1648 
.1674 

,1661 
.1648 
.1678 


.0370 
.0870 
.0369 

.0370 
.0365 
.0870 

.0376 
.0379 
.0374 


.0001 
.0002 


.0001 
.0001 
.0001 


.0001 
.0003 


Bar  ruptured  ".06  south 
of  the  north  edf  e  of 
north  middle  Dea^ 
ing. 


FRACTURED   ENDS  OF  ENDURANCE   SHAFTS. 


ME'.'QTYPE    CO.,    B08"^ON. 


SNDUBANOS   OF   BOTATIWO   SHAFTS. 
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No.  322.     Marks,  N  3-£. 

0.17 per  cent  carbon;  3.25  per  cent  nickel.     Metal  in  natural  state 
of  the  ingot. 
Diameter,  1".    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10''. 


mom 
fiber 

Number  of  roUtiona. 

Micrometer  readingB 
fordefleottone. 

De- 
flec- 
tlonji. 

Beta. 

Remarkn. 

stien 

per 

iqutie 

iach. 

SuooeiMive. 

Total. 

On 
llDe. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

10,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1063 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1602 
.1661 
.1661 

.1602 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1660 
.1662 
.1662 

.1660 
.1662 
.1662 

.1668 
.1664 
.1664 

.1660 
.1666 
.1664 

.1664 
.1662 
.1668 

Inch, 
.1579 
.1577 
.1578 

.1578 
.1577 
.1578 

.1578 
.1577 
.1578 

.1537 
.1537 
.1586 

.1587 
.1535 
.1586 

.1535 
.1535 
.1536 

.1498 
.1495 
.1495 

.1495 
.1495 
.1496 

.1495 
.1494 
.1496 

.1456 
.1450 
.1450 

.1450 
.1450 
.1450 

.1447 
.1449 
.1450 

!l410 
.1406 

.1410 
.1407 
,1407 

.1409 
.1406 
.1409 

Inch. 
.1663 
.1661 
.1661 

.1662 
.1661 
.1561 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
M661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1659 
.1661 
.1661 

.1660 
.1661 
.1661 

.1660 
.1660 
.1660 

.1667 
.1660 
.1660 

.1660 
.1656 
.1660 

Indi. 
.0084 
.0084 
.0083 

.0084 
.0084 
.0083 

.0084 
.0084 
.0063 

.0125 
.0124 
.0126 

.0125 
.0126 
.0126 

.0127 
.0126 
.0126 

.0164 
.0166 
.0166 

.0167 
.0166 
.0166 

.0167 
.0167 
.0166 

.0207 
.0211 
.0211 

.0209 
.0211 
.0211 

.0218 
.0212 
.02U 

,0254 
.0250 
.0254 

.0247 
.0268 
.0258 

.0250 
.0268 
.0261 

Inch. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

.0001 
.0001 
.0001 

0. 
.0001 
.0001 

.0008 
0004 

.0004 

.0008 
.0006 
.0004 

.0006 
.0004 
.0006 

Bar  mptnxed  r '.26  north 
of  the  north  edge  ot 
lOQth  middle  beating. 

1.000 

1.000 

»,000 

10.000 

15,000 

0 

10,000 

1,000 

11,000 

10.000 

21,000 

20.000 

0 

21.000 

1.000 

22.000 

10.000 

32.000 

26,000 

0 

82.000 

1.000 

8S.00O 

10.000 

43.000 

90,000 

0 

48,000 

1,000 

44,000 

10,000 

54,000 

74,  MO 

128,840 
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KNDURANCE   OF  BOTATINO   SHAFTS. 


No.  323.     Marks,  C  3-E. 

0.20  per  cent  carbon.     Metal  in  natural  state  of  the  ingot. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len&fth  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 

Number  of  rotation. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Successive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Remarks. 

Ptrnnds 

20,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 

b 
c 

Inch, 
.1664 
.1673 
.1714 

.1665 
.1666 
.1710 

.1666 
.1668 
.1695 

.1674 
.1671 
.1679 

Inch. 

.1467 
.1480 
.1490 

,1474 
.1478 
.1494 

.1484 
.1488 
.1500 

.1496 
.1503 
.1508 

Inch. 
.1628 
.1640 
.1662 

.1635 
.1640 
.1666 

.1648 
.1660 
.1661 

.1658 
.1665 
.1668 

Inch, 
.0161 
.0160 
.0162 

.0161 
.0162 
.0162 

.0164 
.0162 
.0161 

.0162 
.0162 
.0160 

Inch, 
.0086 
.0063 
.0062 

.0020 
.0026 
.0064 

.0018 
.0018 
.0034 

.0016 
.0006 
.0011 

Ho]e«^.09b7''.15dee. 
sliaftl«'.24  south  of 

south  edge   of   BLMiib 

1,000 

1,000 

middle  bearing. 

10,000 

11,000 

99,000 

110,000 

690,250 

800,250 

Bar  ruptured  ''.35  south 
of  the  south  edge  ol 
north  middle  bearing. 

No.  324.     Marks,  7  X  1,  3. 

Turned  down  from  bar  1  i"  diameter.    0. 26  per  cent  carbon.  Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 

mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
46,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1662 
.1681 
.1676 

.1622 
.1674 
.1682 

.1647 
.1689 
.1642 

Inch. 
.1248 
.1810 
.129& 

.1289 
.1296 
.1294 

.1242 
.1286 
,1270 

Inch. 
.1610 
.1674 
.1664 

.1607 
.1663 
.1660 

.1613 
.1658 
.1689 

Inch. 
.0362 
.0364 
.0866 

.0868 
.0368 
.0366 

.0871 
.0373 
.0869 

Inch. 
.0042 
.0007 
.OOU 

.0015 
.0011 
.0022 

.0084 
.0031 
.0008 

Bar  ruptued  ".66  south 
of  the  south  edge  oi 
north  middle  bearing. 

1,000 

1,000 



10,000 

11,000 

91,010 

102,010 

''Jr.".\'>.     SHAT 


I  ,    O'^-^:.  N. 


't    C'">..    B  ^<i-ON. 
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MarKS,  N  3-D. 
cent  carbon,  3.25 


per  cent  nickel.     Oil  tempered  and 


No.  325. 
0.17  rer 
annealea. 

Diameter,  1."    Speed  of  rotation,  500  per  minute 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hftxl- 

mnm 
,  fiber 
I  Etre« 
I  per 
square 
!  inch. 


Number  of  rotations. 


BaccesBiTe. 


Total. 


Micrometer  readings 
for  deflections. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


PoundM 

10,000 


1.000 


9,000 


15.000 


1,000 


10.000 


20,000 


1,000 


10,000 


25,000 


1,000 


10.000 


30,000 


1,000 


10,000 


96,000 
66,580 


1,000 


10,000 


10,000 


11,000 


21,000 


21,000 


22,000 


32,000 


S2,000 


83,000 


43,000 


43,000 


44.000 


54,000 


150,000 
216,580 


Inch., 
.1669' 
.1664 
.1667 

.1644 
.1648 
.1642 

.1644 
.1648 
.1641 

.1644 
.1648 
.1641 

.1643 
.1648 
.1641 

.1642 
.1647 
.1642 

.1645 
.1648 
.1642 

.1644 
.1647 
.1642 

.1642 
.1647 
.1642 

.1641 
.1647 
.1642 

.1643 
.1649 
.1642 

.1644 
.1647 
.1642 


a  .1642 
b  I  .1646 
C   .1643 


.1644 
.1648 
.1642 

.1643 
.1646 
.1639 

.1645 
.1648 
.1643 


Inch, 
.1675 
.1579 
.1572 

.1660 
.1562 
.1657 

.1669 
.1563 
.1657 

.1518 
.1522 
.1614 

.1516 
.1620 
.1515 

.1516 
.1518 
.1516 

.1475 
.1480 
.1473 

.1476 
.1480 
.1472 

.1474 
.1478 
.1472 

.1433 
.1485 
.1430 

.1435 
.1438 
.1431 

.1433 
.1434 
.1430 

.1393 
.1393 
.1388 

.1898 
.1893 
.1888 

.1390 
.1393 
.1887 


.1391 
.1388 


Inch. 
.1658 
.1664 
.1657 

.1648 
.1647 
.1641 

.1644 
.1647 
.1641 

.1643 
.1647 
.1640 

.1643 
.1647 
.1640 

.1642 
.1646 
.1641 

.1643 
.1646 
.1640 

.1642 
.1646 
.1640 

.1642 
.1647 
.1640 

.1641 
.1645 
.1640 

.1642 
.1647 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1644 


.1642 
.1646 
.1640 


Inch. 
.0063 
.0085 
.0065 

.0063 
.0065 
.0084 

.0085 
.0084 
.0084 

.0125 
.0125 
.0126 

.0127 
.0127 
.0125 

.0126 
.0128 
.0126 


.0166 
.0167 

.0166 
.0166 
.0168 

.0168 
.0169 
.0168 

.0208 
.0210 
.0210 

.0207 
.0209 
.0209 

.0209 
.0211 
.0210 

.0249 
.0262 
.0252 

.0249 
.0252 
.0252 

.0262 
.0251 
.0252 

.0258 
.0256 
.0252 


Inch. 

.0001 
0. 
0. 

.0001 

.0001 

.  .0001 


.0001 


.0001 
.0001 
.0001 


.0001 
.0001 


.0001 
.0001 

.0002 
.0002 
.0002 

.0002 
.0001 
.0002 

0. 
0. 
.0002 


.0002 
.0002 

.0001 
.0002 
.0002 

.0002 
.0002 
.0002 


.0001 
.0008 

.0002 
.0008 
.0002 

.0001 
.0002 


.0008 

.0002 
.0003 


Bar  raptured  1".20  south 
of  the  south  edge  of 
north  middle  beuing. 
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No.  327.    Marks,  C  3-D. 

0.20  per  cent  carbon.     Oil  tempered  and  annealed. 

Diameter,  1".     Speed  of  rotation,  500  per  minate. 

Length  between  end  supports,  33''. 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  a  chord  of  10' , 


Maxi- 
mum 
fiber 
Btreas 
per 
square 
inch. 


Number  of  rotations. 


SuccesBlTe. 


Total. 


Micrometer  readings  for 
deflectiona. 


On 
line. 


Un- 
load- 
ed. 


Load- 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Sets. 


BemarkH. 


P(mnda 
20,000 


26,000 


80,000 


1,000 


1.000 


109,000 


110,000 


8,890,000 


9,000,000 


9,000,000 


1,000 


9,001,000 


9,000 


9,010,000 


990,000 


10,000,000 


10,000,000 


1,000 
9,000 


10,001,000 
10,010,000 


19,040 


10,029,940 


Inch. 
.1648 
.1643 
.1646 

.1648 
.1644 
.1644 

.1647 
.1644 
.16U 

.1647 
.1660 
.1646 

.1647 
.1600 
.1646 

.1646 
.1662 
.1647 

.1646 
.1660 
.1646 

.1646 
.1662 
.1649 

.1647 
.1652 
.1648 

.1648 
.1668 
.1660 

.1648 
.1652 
.1662 


Inch. 
.1486 
.1483 
.1481 

.1484 
.1480 
.1488 

.1487 
.1482 
.1488 

.1488 
.1488 
.1488 

.1446 
.1448 
.1446 

.1447 
.1460 
.1444 

.1442 
.1447 
.1448 

.1489 
.1487 
.1442 

.1899 
.1408 
.1402 

.1896 
.1402 
.1401 

.1894 
.1397 
.1400 


Inch, 
.1648 
.1643 
.1644 

.1648 
.1642 
.1648 

.1647 
.16U 
.1644 

.1646 
.1660 
.1646 

.1646 
.1660 
.1646 

.1646 
.1660 
.1646 

.1644 
.1660 
.1646 

.1644 
.1640 
.1646 

.1644 
.1648 
.1646 

.1642 
.1648 
.1646 

.1641 
.1644 
.1646 


Inch. 
.0162 
.0160 
.0168 

.0164 
.0162 
.0160 

.0160 
.0162 
.0161 

.0162 
.0162 
.0168 

.0200 
.0202 
.0200 

.0198 
.0200 
.0201 


.0208 


.0206 
.0208 
.0204 


.0246 
.0248 

.0246 
.0246 
.0244 

.0247 
.0247 
.0246 


Inch, 

0. 

0. 

.0001 

0. 
.0002 
.0001 

0. 
0. 
0. 

.0002 
0. 
0. 

.0002 
0. 
.0001 

.0001 
.0002 
.0002 

.0001 
0. 
.0001 

.0001 
.0012 
.0006 

.0008 
.0004 

.0006 

.0001 
.0006 

.0006 

.0007 
.0008 
.0006 


Bar  ruptured  "M  south 
of  the  south  edge  of 
north  middle  bearing, 
beginning  at  a  small 
cavity  at  the  drcnm* 
ference. 


NO.   327. 


NO.  328. 


FRACTURED   ENDS  OF  ENDURANCE   SHAFTS. 


HEUOTYPE    CO.,    B'-.STON. 
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ENDUBANCS   OF   BOTATING   SHAFTS. 


No.  330.     Marks,  7X1,  2. 

Turned    down  from    bar    li"  diameter.     0.26  per    cent  carbon. 
Annealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


ft 

Maxi- 
mum 
fiber 
stress 
per 
square 
Tnch. 

deflections. 

De- 
fleo. 
tions. 

Sets. 

RemArkSi. 

Suooeadve. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PoundB 
45,000 

'o 

0 

a 
b 

a 
b 

a 
b 

a 
b 

.1638 
.1633 

.1687 
.1634 

.1639 
.1635 

.1640 
.1638 

Inch. 

.1268 
.1263 

.1267 
.1263 

.1266 
.1262 

.1262 
.1267 

Inch. 
.1637 
.1682 

.1637 
.1688 

.1686 
.1631 

.1684 
.1628 

Inch. 
.0869 
.0969 

.0870 
.0870 

.0870 
.0869 

.0872 
.0371 

Inch. 
.0001 
.0001 

0. 
.0001 

.0003 

.0004 

.0006 

0. 

Bar  ruptured  1".36 nouth 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

1,772,840 

1.872.840 

No.  331.     Marks,  7x1,4. 
Turned  down  from    bar  li" 


diameter.     0.26    per  cent   carbon. 


Annealed  at  high  heat. 

Diameter,  1  .     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
ihch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

I/oad- 
ed. 

Un- 
load- 
ed. 

Poundt 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1639 
.1638 

.1648 
.1644 

.1635 
.1650 

.1649 
.1658 

Inch. 
.1267 
.1269 

.1263 
.1262 

.1255 
.1253 

.1243 
.1249 

Inch. 
.1636 
.1635 

.1629 
.1630 

.1623 
.1624 

.1625 
.1625 

Inch. 
.0869 
.0866 

.0366 
.0868 

.0368 
.0371 

.0382 
.0376 

Inch. 
.0008 
.0008 

.0014 
.0014 

.0012 
.0026 

.0024 
.0033 

Bar  raptured  1".30  south 
of  tne  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

235,100 

885,100 

NO.  329. 


FRACTURED  ENDS  OF  ENDURANCE  SHAFTS. 


MELIOTYPE    CO.,    BOSTON. 
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No.  832.    Marks,  7x1,  6. 

Turned  down  from  bar  li"  diameter;  0.26  per  cent  carbon.     OU- 
tempered  and  annealed  at  low  heat. 
Diameter,  1".    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  83''. 
Loaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10''. 


Maxi- 
mum 
fiber 
Btren 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Set. 

Remarks. 

SuccesHiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

I.aad- 
ed. 

Un- 
load- 
ed. 

Ptmndt 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1681 
.1687 

.1686 
.1686 

.1628 
.1689 

.1640 
.1689 

Inch. 
.1262 
.1268 

.1262 
.1262 

.1267 
.1260 

.1267 
.1266 

Inch. 
.1680 
.1681 

.1680 
.1680 

.1627 
.1629 

.1628 
.1627 

Inch. 
.0668 
.0868 

.0868 
.0868 

.0870 
.0369 

.0871 
.0871 

Inch. 
.0001 
.0006 

.0006 
.0006 

.0001 
.0010 

.0012 
.0012 

Bar  raptured  1'''.06  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

W,000 

100,000 

1,176,860 

1,276,860 

No.  833.     Marks,  7  X  1,  8. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
sqnare 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Remarks. 

SucoeesiTe. 

Total. 

On 
Une. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Inch. 
.1684 
.1645 

.1680 
.1648 

.1628 
.1652 

.1628 
.1651 

Pounds 
46.000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1636 
.1646 

.1682 
.1660 

.1680 
.1654 

.1680 
.1654 

JncA. 
.1266 
.1276 

.1262 
.1280 

.1289 
.1288 

.1266 
.1279 

Inch. 
.0868 
.0869 

.0868 
.0368 

.0869 
.0869 

.0872 
.0872 

JncA. 
.0001 
.0001 

.0002 
.0002 

.0002 
.0002 

.0002 
.0008 

Bar   ruptured  1''.60 
north   of   the    north 

bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

4,778,810 

4,878,810 

H.  Doc.  836 18 
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No.  336.     Marks,  7  X  2,  3. 

Turned  down  from  bar  li"  diameter.   0. 25  per  cent  carbon.   Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  reading  for 
deflexitions. 

De- 
flec- 
tions. 

SeUi. 

Inch. 
.0028 
.0024 

.0007 
.0024 

0. 
.0024 

.0018 
.0019 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1657 
.1658 

.1648 
.1652 

.1637 
.1662 

.1658 
.1647 

Inch. 
.1260 
.1257 

.1260 
.1254 

.1268 
.1258 

.1268 
.1252 

Inch. 
.1634 
.1629 

.1636 
.1628 

.1687 
.1628 

.IWO 
.1628 

Inch. 
.0874 
.0872 

.0876 
.0874 

.0874 
.0875 

.0372 
.J0876 

Bar  mptured  ".10  south 
of  the  north  edge  of 
north  middle  bearing, 
under  the  north  mia- 
dlc  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

635,600 

635,600 

i 

! 

FRACTURED   ENDS  OF  ENDURANCE   SHAFTS. 


MFIOTVPE    CO..    BOSTON. 


ENDURANCE   OF   ROTATING   SHAFTS. 


275 


I 

i 


a 


s. 


U5 

d 
o 

•  f-4 

I 


CO 


I 


I 


i      i    3 


s 

s 
e 


a 

I 


c         o         « 


^1 


11 


^  as; 
•n   as. 


§=    - 

if  mi 

p  lip 


ft! 


s  s 


8     s     s 
S     g"    g 

S         S         !§ 


§  i  I 


§SSg    2||| 


O  uS  00       tat-^       iSo* 


3SSSS    I    8 


8-"    S? 


0>  Mi-(       lO 


§§§! 


|8S5!$     ^!§gS     §5$     ^^2     ?!$     ^«     SSS^S     S     ^ 


S         3 


I 


ii 


S       3 


s     n 


^     'a     u 


8    8 


3 
1 


5 


u 

0 


•a 

q 


Z  1 


g  . « 


9      « 


ef 


g 


i   s     i   §   § 


§       S 


276 


ENDUBANCE   OF  ROTATING   SHAFTS. 


-% 

d 

•I 

IS 

d 

Ss 

a 

§ 
•^ 

i 

H 

OQ 

^ 

r^ 

^ 

b^ 

P^ 

q 

^ 

p^ 

^ 

1 

p) 

s 

S 

f^ 

Q 

^ 

W 

> 


s   t:   t: 


5 


8^ 
8-c 


§1 


llllt 


:2  6  6  £  5  a 
I  I  S  g  i  S 
S    2    S    S    a    I 


^    c^    ^    s&    a    as, 


I  §  I  §  I  I 
i  S  s  i  §  i 


§§§§§  i§i 


I  i  §  i  §  § 
I  S  S  ^  i  i 


a 


a 


I 


^1 


ISSS^g"   8¥g 


^     ^     !$     !$     ^     ^     9 


3     00     CO     CO     M     eo     2 
-^     eo     CO     e>5     eo     CO     '^ 


a    ?2    2    S    S 


S    S    S    S    S    S    S 


^    S    S^    ^    ^    S^    ^ 


I 

s 


•8  -8 

8  1 


il^    8    8   |l|28 
S     :   ^    5   5   5   5 


I 

1^ 


I 


s 


p 


§        §§!§§§§ 


KNDUBANOE   OF  BOTATING  SHAFTS.  277 

Chemical  Analyses,  Endurance  Shafts. 
CHEMICAL  ANALYSES  OF  MATERIAL  IN  ENDURANCE  SHAFTS. 

WATERTOWN  ARSENAL  DETERMINATIONS. 


No.  of 
abaft. 

Carbon. 

Manganese. 

Silicon. 

Sulpbur. 

PhoflphortiB. 

Copper. 

Nickel. 

280 
282 
284 
286 
288 
290 
292 
293 
294 
821 
824 

.281 
.600 
.471 
.416 
.241 
.290 
.262 
.260 
.700 
.265 
.276 

.622 
.960 
.661 
.662 
.660 
.763 
.662 
.642 
.460 
.646 
.660 

.122 
.800 
.123 
.182 
.106 
.138 
.079 
.083 
.280 
.082 
.140 

.018 
.060 
.090 
.080 
.086 
.066 
.029 
.082 
.040 
.027 
.060 

.024 
.044 
.024 
.028 
.040 
.021 
.022 
.021 
.026 
.022 
.029 

.088 
.200 

8.264 
27.601 

.072 
.067 
.066 

6.768 
4.660 
4.60 

.055 

4.601 
8.810 

TENSILE  SPECIMENS  FROM  ENDS  OF  RUPTURED 
ENDURANCE  SHAFTS. 
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Tensile  Specimens  fbom  Ruftured  Endurance  Shafts. 

Specimens  taken  from  the  ends  of  the  ruptured  bars. 

Tne  marks  give  the  test  number  of  the  endurance  shaft,  also  the 
figures  and  letters  which  were  employed  to  identify  the  grade  and 
treatment  of  the  metal. 


Mr-Till? 


No.  Y492. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  280,  7X1  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  578. 


Applied 

loikdsper 

•qtiare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

PtmndM. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
60,000 
65,000 
60,000 

51,000 
62,000 
58,000 
54,000 
65,000 
66,000 
58,000 
00,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
79,840 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0060 
.0085 
.0040 
.0060 
.0066 
.0410 

.0485 

.0460 

.0480 

.0540 

.0598 

.0668 

.0710 

.0860 

.0960 

.1090 

.1280 

.1430 

.1600 

.20 

.28 

.27 

.83 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 

On  reapplication  of  load,  rapid  elongation  took  place  at 
about  55,000  pounds  load. 

'  * 

0. 
0. 
.0001 

.0624 

Tensile  strength. 
«  80  per  cent. 

.90 

Elongation  of  inch  sections,  ".18,  ".52,*  ".20. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  at  middle  of  stem. 
Appearance,  fine  silky. 
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No.  7493. 

fiethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  281,  7X1  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  679. 


Applied 

loadaper 

square 

inch. 

In  gauffed  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Paundi. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
60,000 
66,000 
60,000 
64,000 
66,000 
60,000 
61,000 
62.000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
89,680 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0061 
.0086 
.0041 
.0061 
.0068 
.0063 
.0068 
.0076 
.0186 
.0400 
.0480 
.0650 
.0630 
.0700 
.0836 
.10 
.11 
.12 
.14 
.16 
.18 
.21 
.26 
.32 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  26.3  per  cent. 

0. 

6. 
0. 
0. 
0. 

.0011 

.0740 

.76 

Elongation  of  inch  sections,  ".14,  ".19,  ".43*. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.6  per  cent. 
Fractured  l".l  from  the  neck.     Appearance,  fine  silky. 
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No.  7494. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  282,  7X4  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  584. 


loadBper 
sqiutre 
fnoh. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

1,000 
6,000 
10.000 
20,000 
80,000 
85,000 
40,000 
45,000 
60,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 

70,000 
74,000 
78,000 
82,000 
86,000 
90,000 
94.000 
111,200 

0 

Ineha. 
0. 

.0004 
.0012 
.0024 
.0069 
.0044 
.0051 
.0058 
.0067 
.0072 
.0079 
.0069 
.0098 
.0101 
.0110 
.0129 
.0189 
.0178 
.0190 
.0280 
.0292 
.0808 
.0620 
.0671 
.10 
.14 
.17 
.21 
.26 
.82 

0. 
0. 

Initial  load. 
Elaatic  limit. 

Tensile  strength. 
»  85.7  per  cent. 

0. 

0. 
0. 
.0001 

.0009 

.0058 

.0207 

1.07 

Elongation  of  inch  sections,  ".28,  ".29,  ".50*. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  fine  silky,  serrated. 
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No.  Y495. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  283,  7X4  HS. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  585. 


AppUed 
loads  per 

incn.. 

In  gauged  length. 

RemarkR. 

Elonga- 
tion. 

Set. 

I\nmd$. 
1,000 
6,000 
10,000 
20,000 
80,000 
36,000 
40,000 
42,000 
43.000 
44,000 
46,000 

47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
66,000 
60,000 
64.000 
68.000 
70,000 
74.000 
78,000 
82,000 
86,000 
90,000 
94,000 
98.000 
108,620 
0 

Inehet. 
0. 

.0006 
.OOU 
.0024 
.0088 
.0048 
.0060 
.0064 
.0060 
.0062 
.0070 
.0106 
.0186 
.0276 
.0290 
.0390 
.0676 
.0772 
.0925 
.1868 
.17 
.21 
.22 
.27 
.82 
.87 
.42 
.49 
.69 
.71 

Inch. 
.0 
.0 

Initial  load. 
Elastic  limit. 

0. 

0. 

.0011 

.0826 

Tensile  itrength. 

1.88 

a  44.8  per  cent. 

Elongation  of  inch  sections,  ".33,  ".39,  ".61*. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  l".l  from  the  neck.     Appearance,  fine  silky 
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No.  7496. 

Bethlehem  Steel.     Annealed. 

Marks,  284,  7  X  7  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  588. 


aqiiare 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

PoutuU. 
1,000 
5,000 
10.000 
20.000 
90.000 
85,000 
40,000 
45.000 
48,000 
49.000 
60,000 
45,000 
46,000 
47.000 
48.000 
49.000 
60,000  ' 
51,000 
52,000 
54,000 
66,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
94.060 
0 

Inch, 

0. 
.0008 
.0010 
.0020 
.0030 
.0085 
.0040 
.0047 
.0060 
.0051 

Inch. 

0. 

0. 

IniUal  load. 

ElasUc  limit 

Momentarily  reached,  load  fell. 

Tensile  strength. 
=  25  per  cent. 

0. 
0. 

.0122 

.0142 

.0280 

.0257 

.0265 

.0290 

.0811 

.0882 

.0875 

.0422 

.0525 

.0639 

.0760 

.0910 

.1087 

.1325 

.17 

.21 

.83 

.75 

Elongation  of  inch  sections,  ".16,  ".40*,  ".19. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Fractured  1".56  from  the  neck.     Appearance,  silky. 
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No.  7497. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  286,  7x7  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  689. 


Applied 

loads  per 

sqaare 

Inch. 

In  gauged  length. 

RemarkM. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
61,000 
62,000 
60.000 
61,000 
62,000 
68,000 
64,000 
66,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
105,120 
0 

Inch. 

0. 

.(KM 
.0010 
.0021 
.0081 
.0087 
.0042 
.0048 
.0053 
.0059 
.0062 
.0063 

Inch, 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=20.7  per  cent. 

0. 

0. 

0. 

.0065 

.0135 

.0250 

.0260 

.0270 

.0290 

.0382 

.0887 

.0480 

.0580 

.0700 

.0840 

.0985 

.1190 

.15 

.20 

.31 

.62 

Elongation  of  inch  sections,  ".13,  ".13,  ".36*. 

Diameter  at  fracture,  ".40;  area,  .1267  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  ".9  from  the  neck.     Appearance,  silky,  cup-shaped. 
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No.  7498. 

Bethlehem  Steel.    Annealed. 

Marks,  286,  7x6  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loadaper 

square 

inch. 

Remarks. 

Elonga- 
tion. 

Set. 

PKmnds. 
1.000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
44,000 
45,000 
42,000 
43,000 
44,000 
15,000 
46,000 
47,000 
48.000 
50,000 
52,000 
56.000 
60,000 
64,000 
68,000 
72,000 
76,000 
80.000 
82,480 
0 

Inch, 

0. 

.0008 
.0009 
.0019 
.0029 
.0034 
.0039 
.0043 
.0044 
.0090 
.0160 
.0336 
.0341 
.0360 
.0385 
.0420 
.0185 
.0560 
.0700 
.0845 
.1050 
.1880 
.1630 
.22 
.82 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
»29  per  cent. 

0. 

.87 

Elongation  of  inch  sections,  ".20,  ".45*,  ".22. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Fractured  1".5  from  the  neck.     Appearance,  silky. 
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No.  7499. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  287,  7X6  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  587. 


AppUed 

loads  per 

iqoare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

PoundM. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
50,000 
54,000 
55,000 
51,000 
52,000 
58,000 
54,000 
55,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
90,000 
0 

Inch, 

0. 

.0003 
.0009 
.0020 
.0090 
.0085 
.0040 
.0060 
.0054 
.0055 
.0150 
.0225 
.0245 
.0270 
.0295 
.0328 
.0385 
.0450 
.0580 
.0720 
.0900 
.1105 
.1390 
.18 
.26 

Inch. 
0. 

Initial  load. 

Elastic  limit 
Load  fell. 

Tensile  strength. 
«=26  per  cent. 

0. 
0. 

.76 

Elongation  of  inch  sections,  ".15,  ".22,  ".38*. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  1".17  from  the  neck.     Appearance,  silky. 
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No.  7500. 

Bethlehem  Steel.     Annealed. 

Marks,  288,  7X6  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  report  of  1895,  page  586. 


Applied 
loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 

Inch. 

0. 

.0003 
.0009 
.0019 
.0029 
QQflS 

Inch. 

0. 

0. 

Initial  load. 

40,000    .         .0039 
41,000               0040 

0. 

Elastic  limit. 

87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
48.000 
52,000 
66,000 
60,000 
64,000 
68.000 
70,880 
0  < 

.0175 
.0210 
.0320 
.0450 
.0458 
.0490 
.0620 
.0670 
.0650 
.0740 
.0980 
.1265 
.17 

:i 

1 

Tensile  strength. 
»  38  per  cent. 

.99 

'^•,  ".22. 


Elongation  of  inch  sections,  ".22,  ".55* 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".84  from  the  neck.     Appearance,  silky. 

H.  Doc.  335 19 
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No.  7501. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  289,  7  X  6  HS. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

lottds  per 

square 

inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10.000 
20.000 
80,000 
85,000 
40,000 
44,000 
45,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
48,000 
62.000 
66,000 
60,000 
64,000 
68,000 
72.000 
72,080 
0 

In€h. 

0. 

.0008 
.0010 
.0020 
.0081 
.0086 
.0040 
.0048 
.0070 
.0110 
.0140 
.0285 
.0805 
.0350 
.0880 
.0130 
.0515 
.0700 
.0980 
.1210 
.16 
.22 
.47 

Inch. 

0. 

0. 

IniUal  load. 
Klastic  limit 

Tensile  strength. 



0. 

.92 

—  80. 7  per  cent.                                                                           j 

Elongation  of  inch  sections,  ".27,  ".49*,  ".16. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".5  from  the  neck.     Appearance,  silky 
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No.  7502. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  290,  7x3  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  582. 


AppUed 

square 
inch. 

In  gauged  length. 

RemarkR. 

Elonga- 
Uon. 

Set. 

Pounds, 
1,000 
5,000 
10,000. 
20,000 
30.000 
36,000 
40,000 
50,000 
60,000 
65,000 
70,000 
76,000 
78.000 
79,000 
80.000 
81,000 
82,000 
83,000 
84.000 
88.000 
92,000 
96.000 
100,000 
104,000 
108,000 
0 

Inch. 

0. 
.0006 
.0010 
.0020 
.OOSl 
.0036 
.0041 
.0052 
.0063 
.0069 
.0073 
.0079 
.0085 
.0088 
.0109 
.0128 
.0210 
.0260 
.0320 
.0576 
.0820 
.1045 
.1390 
.18 
.32 
.57 

Inch. 

0. 

0. 

Initial  load. 

£la8tic  limit. 

Tensile  strength. 
=19  per  cent. 

0. 
0. 
0. 
0. 
0. 
0. 

.0021 

Elongation  of  inch  sections:  ".37*,  'Ml,  ".09. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  ".9  from  the  neck.     Appearance,  fine  silky. 
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No.  7503. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  291,  7x3  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  583. 


square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Ptntnd«. 

1,000 

5.000 

10,000 

20,000 

80,000 

40,000 

60,000 

60,000 

70.000 

75.000 

80.000 

90,000 

100.000 

106.000 

109,000 

110.000 

111  000 

Inch. 

0. 
.0008 
.0010 

.0081 
.0041 
.0052 
.0061 
.0071 
.0076 
.0061 
.0091 
.0101 
.0106 
.0110 
.0190 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 

Tensile  strength. 
=18.3  per  cent. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

112,000    '          .0690 
114.000                0680 

116.000 
118,000 
120,000 
124.000 
125,760 
0 

.0860 
.11 
.18 
.19 

.55 

.35*,  ".12,  ".08. 


Elongation  of  inch  sections: 

Diameter  of  fracture,  ".35,  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  ".95  from  the  neck.     Appearance,  tine  silky,  serrated. 
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No.  7504. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  292,  7  X  2  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  580. 


Applied 

loadBper 

Rqaare 

Inch. 

1 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
35.000 
40,000 
50,000 
60,000 
62,000 
61.000 
62,000 
68,000 
64,000 
66,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
92,880 
0 

Inch. 

0. 
.0008 
.0010 
.0020 
.0081 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  25  per  cent. 

.0036 



.0041 

.0051 

.0062 

.0065 

.0390 

.0460 

.0470 

.0620 

.0580 

.0640 

.0«^0 

.1060 

.1320 

.18 

.28 

.36 

6: '" 

0. 
0. 

.75 

Elongation  of  inch  sections:  ".15,  ".26,  ".36*. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraetion  of  area,  67  per  cent. 

Fractured  1".25  from  the  neck:     Appearance,  fine  silky,  cup-shaped. 
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C*>o<^tion  of  inch  gection:*:  ".08,  'M7*,".13  . 
[lan^ter  at  fracture,  ".47;  area,  .1735  square  inch, 
iontnkctionof  area,  30.6  percent.  ,        i  n 

Fr^cttued  rM3  from  the  neck.     Appearance,  fine  granular,  dull 
LiT  spot  at  center. 
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No.  7508. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  300,  9-Cl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  page  259. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

POUfidt. 

1,000 
6.000 
10,000 
20,000 

ao,ooo 

40,000 
60,000 
60,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78.000 
80,000 
84.000 
88,000 
92,000 
96,000 
100.000 
104,000 
108,000 
116,000 
124,000 
1S2,000 
140,000 

Inch. 

0. 

.0008 
.0010 
.0020 
.0080 
.0040 
.0050 
.0060 
.0067 
.0078 
.0111 
.0120 
.0186 
.0160 
.0178 
.0196 
.0215 
.0235 
.0280 
.0385 
.0883 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=9  per  cent. 



PPP 

.oiao  * 

.0443 

.0600 

.06 

.07 

.08 

.10 

.12 

.16 

.0349 

147,600 

0 

.27 

.08,  'Ml*,  ".08* 


Elongation  of  inch  sections: 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".2  from  the  neck.     Appearance,  fine  gi-anular. 
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No.  7605. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  293,  7x2  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  581. 


Applied 

loadaper 

Bquare 

inch. 

In  gauged  length. 

1 

Elonga- 
Uon. 

Set. 

Remarkfi. 

PouwU. 

1.000 

6,000 

10,000 

ao.ooo 
ao.ooo 

40.000 
60.000 
60,000 
70.000 
80,000 
90.000 
100,000 
101.000 
97,000 
96.000 
99,000 
100,000 
101,000 
102,000 
104,000 
106,000 
106,000 
112.000 
116,000 
116,800 
0 

Inrh. 

0. 

.0003 
.0010 
.0020 
.0090 
.0040 
.0061 
.0061 
.0071 
.0081 
.0091 
.0101 
.0108 
.0160 
.0190 
.0810 
.0620 
.0600 
.0660 
.0886 
.0973 
.1140 
.1600 
.24 

Inch. 

0. 

0. 

Initial  load: 

Ela.««tir  limit. 

Tensile  strength. 
=19  per  cent. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

.67 

Elongation  of  inch  sections:  ".10,  ".17,  ".30*. 

Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 

Contraction  of  area,  59.3  per  cent. 

Fractured  1".15  from  necK.     Appearance,  fine  silky,  serrated. 
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No.  7506. 

Bethlehem  Steel.     Annealed. 

Marks,  294,  7X8  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  590. 


AppUed 

loads  per 

nqnare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set 

Remarkfl. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
60,000 
56,000 
67.000 
68,000 
69,000 
60,000 
61,000 
62,000 
64,000 
68,000 
72,000 
76,000 
80.000 
84,000 
88.000 
92,000 
96,000 
100.000 
104,000 
108,000 
112,000 
116,000 
120,000 
124,000 
127,760 
0 

Inch. 

0. 

.0008 
.0009 

.0019 

.0029 

.0089 

.0049 

.0067 

.0076 

.0089 

.0102 

.0112 

.0123 

.0187 

.0160 

.0220 

.0276 

.0830 

.0390 

.0456 

.0680 

.0608 

.0680 

.0786 

.09 

.10 

.12 

.18 

.16 

.19 

Inch. 

0. 

0. 

InltUl  load. 

6. 
0. 

Elastic  limit. 

.0043 

Tensile  strength. 
=  11.7  per  cent. 

.36 

Elongation  of  inch  sections:  ".08,  ".10,  ".17». 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured  ".8  from  the  neck.     Appearance,  granular,  dull  silky 
spot  near  the  center. 
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No.  7507. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  295,  7x8  HS. 

Diameter,  ".564. 

Sectional  area,  .25  Hquare  inch. 

(iauged  length,  3." 

For  endurance  test  see  Report  of  1895,  page  591. 


Applied 

lotulHper 

Nquare 

Inch. 

In  giiugv<l  length. 

Remarks. 

Elonga- 
tion. 

Set. 

l\>und$. 
1.000 
6.000 
10.000 

Tttch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0040 
.0060 
.0061 
.0071 
.0081 
.0084 

Tnch. 

0, 

0. 

Initial  load 
lElaatic  limit. 

Tensile  strength. 
=- 12.7  per  cent. 

20,000 

30.000 

40,000 
60.000 
60,000 
70,000 
80.000 
82,000 

u. 
0. 
0. 
0. 
0. 

83,000 

.0089 

.0099 

.0113 

.0129 

.0140 

.0168 

.0178 

.0230 

.0288 

.0342 

.0400 

.0460 

.(XAO 

.0608 

.06 

.10 

.13 

.26 

84,000 

86,000 
86,000 

88,000 

90.000 

92.000 

96,000 

100,000 

104,000 

108,000 

112,000 

116,000 

120,000 
128,000 

.0450 

186,000 

144,000 

162,000 

152, 600 

0 

.:t.s 

Elongation  of  inch  sections:  ".08,  ".17*,".13*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Fractured  rM3  from  the  neck.     Appearance,  fine  granular,  dull 
silky  spot  at  center. 
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No.  7508. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  300,  9-Cl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  i>age  259. 


Applied 

loads  per 

flquare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Poundt, 

1,000 

6.000 

10,000 

20,000 

ao,ooo 

Inch. 
0. 
.0008 

.0010 
.0020 
.0090 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=9  per  cent. 

40,000              .0040 
60,000              .0060 
60,000              .0060 
66,000              .0067 

0. 
0. 
0. 

67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88.000 
92,000 
96,000 
100,000 
104.000 
108,000 
116,000 
124,000 
1S2,000 
140.000 
147,600 

.0073 

.0111 

.0120 

.0136 

.0160 

.0178 

.0196 

.0216 

.0286 

.0280 

.0335 

.0883 

.0443 

.0500 

.06 

.07 

.06 

.10 

.12 

.16 

.oiso" 

.0349 

0 

.27 

".08,  ".11*,  ".08*. 


Elongation  of  inch  sections: 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".2  from  the  neck.     Appearance,  fine  granular. 


298      TENSILE   SF£CIA1£X8   FBOM   BUFTUBED   ENDUBANCE   SHAFTS. 


No.  7563. 

Bethlehem  Steel.     Treated  bar 

Marks,  301,  7  B17  Y  1-1. 

Diameter,  ".564. 

Sectional  area,  .25  dqaare  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  psige  260. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks.                                          ; 

1,000 
5,000 
10,000 

IndL 

0. 

.0004 
.0010 
.0020 
.0081 
.0041 
.0061 
.0061 
.0071 
.0060 
.0090 
.0092 
.0146 
.0154 
.0162 
.0180 
.0199 
.0240 
.0800 
.0860 
.0410 
.0475 
.0600 
.07 
.09 
.12 
.15 

Inch, 

0. 

0. 

Initial  load. 
ElasUc  limit. 

Tensile  strengtl). 
=  11.7  per  cent 

20.000 

SO,  000 

40,000 
60,000 

0. 

60,000 
70,000 
80,000 
90.000 
91,000 
92,000 
98,000 
94,000 
95,000 
96,000 
96,000 
100,000 
102,000 
104.000 
106,000 
110,000 
114,000 
120,000 
124,000 
128,000 
130,400 
0 

0. 
0. 
0. 
0. 

.0188 

.0462 

.85 

Elongation  of  inch  sections:  ".04,  ".04,  ".27*. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 

Fractured  ".4  from  the  neck.     Appearance,  fine  silky,  serrated. 
Load  at  time  of  fracture,  25,200  pounds =200,480  pounds  per  square 
inch  on  area  at  rupture. 
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No.  7509. 

Grautier  Steel.     Hot  rolled  bar. 

Marks,  308,  11-C3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  261. , 


loads  per 

sQuare 

fnch. 

In  gauged  lenipth. 

Remarkn. 

Elonga- 
Uon. 

Set. 

Poundt. 
1,000 
6,000 
10.000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
74,000 
78,000 
74,000 
76,000 
76,000 
78,000 
79,000 
80,000 
84,000 
88,000 
92.000 
96,000 
100.000 
108,000 
116.400 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0080 
.0040 
.0060 
.0060 
.0070 
.0074 
.0162 
.0200 
.0248 
.0256 
.0298 
.0320 
.0342 
.0384 
.0438 
.0480 
.0630 
.0690 
.07 

Inch. 

0. 

0. 

Initial  loan. 
Elastic  Ilmli. 

Tensile  strength. 
=  2.3  per  cent. 

0. 
0. 
0. 
0. 

.0418 

.07 

Elongation  of  inch  sections:  " 

Diameter  at  fracture,  ".56;  area. 

Contraction  of  area,  1.5  per  cent. 

Fractured  ".3  from  the  neck.     Appearance,  fine  granular. 


".02,  ".03*. 
.2463  square  inch. 
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No.  7544. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  309,  7-Bl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  263. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
6,000 
10.000 
20,000 
30,000 
40,000 
45.000 
50,000 
60,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68,000 
70,000 
72,000 
76,000 
80,000 
84.000 
88.000 
92,000 
96,000 
100.000 
108,000 
116,000 
124,000 
136,000 
139, 120 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0040 
.0046 
.0051 
.0062 
.0066 
.0072 
.0089 
.0100 
.0110 
.0118 
.0139 
.0160 
.0206 
.  0-^48 
.0310 
.0370 
.0433 
.0500 
.0676 
.07 
.09 
.12 
.22 


.30 


Set. 


Remarks. 


Inch. 

0. 

0. 


.0001 


InitinI  load. 


Klastii*  limit. 


.0061 


.0161 


.0-121 


Tensile  strength. 
=10  per  cent. 


Elongation  of  inch  sections:  ".13*,  ".10,  ".07. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1"  from  the  neck.     Appearance,  tine  granular. 


TENSILE   SPECIMENS   FKOM    RUPTURED   ENDURANCE   SHAFTS.       301 

No.  7510. 

Gautier  Steel.    Hot  rolled  bar. 

Marks,  310,  9-C  2. 

Diameter,  ".564. 

SectioDal  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  2l>4. 


Applied 
loads  per 


PoutuU. 
1,000 
5,000 
10,000 
20,000 
80.000 
40,000 
60,000 
60,000 
67.000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100.000 
108,000 
116,000 
124,000 
132,000 
140,000 
147,600 
0 


.0060 
.0069 
.0108 
.0117 
.0126 
.0148 
.0162 

0. 


Kliwtic  limit. 



.0042 

. 

.0188 

.0228 

.0272 

.0321 

.0424 

.0490 

.07 

.08 

.09 

.12 

.16 

.  .0338 

Tensile  strength. 
=  9  per  cent. 

.27 

Elongation  of  inch  sections:  ".09,  ".10*,  ".08. 

Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 

Contraction  of  area,  11.8  per  cent. 

Fractured  1".37  from  the  neck.     Appearance,  fine  granular. 


802      T£K8IL£   dF£CIM£N8   FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7511. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  3l>1,  7x2,  1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  266. 


Applied 
loaas  per 
•    square 
inch. 

J^uundt. 
L.OOO 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
46,000 
50,000- 
65,000 
60,000 
65,000 
66,000 
67,000 
68,000 

In  gauged  length. 

RemarlcM. 

Elonga- 
tion. 

Set. 

Inch. 
0. 
.0003 

.0019 
.0060 
.0036 
.0041 
.0047 
.0051 
.0056 
.0061 
.0068 
.0071 
.0074 

Inch, 

0. 

0. 

Initial  load. 

6. 
0. 
0. 
0. 
0. 
.0001 

Elastic  limit. 

Tensile  strength. 
=16.3  per  cent. 

69,000             .0090 
70,000             .0190 
72,000              .0280 
74,000    1          .0375 
76,000    1          .0460 
80,000    *         .0603 
84,000    ;          .06 
88.000              .10 
92,000    ;          .12 
96,000              .15 
100,000              .20 
104,000              .90 

.0111 

.0600 

104,800 

0 

.49 

Elongation  of  inch  sections:  ".31*,  ".09,  ".09. 

Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 

Contraction  of  area,  41.9  per  cent. 

Fractured,  ".75  from  the  neck.     Appearance,  fine  silky,  cup-shaped. 


TENSILE   SPECIMENS    FBOM   RUPTUBED   ENDURANCE   SHAFTS.       303 

No.  7612. 

Metal  from  Nickel  Steel  Ingot.     Natural  state. 

Marks^  322,  N3-E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  267. 


Poundi. 
1.000 
6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
81,000 
32,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
58,200 
0 


Inch, 

0. 
.0008 
.0010 
.0016 
.0020 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


.0083 
.0086 

.0001 

.0040 

.0048 

.0050 

.0068 
.0067 

.oois 

.0077 

.0098 

.0120 

.0168 
.0260 

.0119 

.0860 

.0455 

.0580 

.0772 
.10 

.0708 

.16 



Rem&rlui. 


Initial  load 


Elastic  limit. 


Tensile  strenffth. 
='5.8  per  cent. 


03,  ".03. 
square  inch. 


Elongation  of  inch  sections:  ".10*, 
Diameter  at  fracture,  ".53;  area. 
Contraction  of  area,  11.8  per  cent. 
Fractured  ".9  from  the  neck.     Appearance,  40  per  cent  gi-anular 
with  lustrous  facets;  60  per  cent  dull  amorphous. 


304      TENSILE    SPECIMENS   FROM   BUPTUBED   ENDUBANCE    SHAFTS. 

No.  7513. 

Metal  from  Carbon  Steel  Ingot.     Natural  state. 

Marks,  3^3,  C3-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loaasper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0008 
.0010 
.0015 
.0021 
.0035 
.0063 
.0063 
.0090 
.0109 
.0147 
.0172 
.0218 
.0241 
.0290 
.0372 
.0485 
.06 
.07 
.09 
.10 
.12 
.14 
.17 
.20 
.24 
.30 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26.000 
28,000 
80,000 
82,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
51,600 
0 

Inch. 
0. 
0. 
0. 

0. 

Initial  load. 
ElaKtlc  limit. 

Tensile  strength. 
:=18.8  per  cent. 

.0067 

.0211 

.0448 

.40 

* 

Elongation  of  inch  sections:  ".12,  ".13,  ".15*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Fractured  1".24  from  the  neck.     Appearance,  40  per  cent  granular, 
60  per  cent  irregular  surface,  amorphous. 


TEKSILE   8P£CXM£NS   FBOM   BUPTUBEJ)   ENDUBANCE   SHAFTS.       305 

No.  7514. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  824,  7x1,  a. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loaasper 

square 

inch. 

In  gauged  length. 

Elonga- 
■    tlon. 

Set. 

Remarks. 

Pounds. 
1,000 
5.000 
10,000 
20,000 
30,000 

Inch. 
'     0. 

.0003 
.0010 
.0020 
.ttfil 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

40,000              .0041 
45,000    1          .0046 
50,000              .0051 
51.000              .0053 
46,000              .0111 
47,000              .0170 
48.000              .0215 
49  000    '            OOMi 

0. 
0. 
0. 

:;:::::;:::: 

Tensile  strength. 
=  27  per  cent. 

50,000 
52,000 
56,000 
58,000 
60,000 
62.000 
64,000 
68,000 
72,000 
75,200 
0 

.0607 
.0682 

.0448 

.0930 

.1073 

.1218 

.15 

.17 

.22 

.31 

.1139 

.81 

Elongation  of  inch  sections:  ".13,  ".19,  ".49*. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1"  from  the  neck.     Appearance,  tine  sillty ,  cup-shaped. 

H.  Doc.  335 20 


806      TENSILE   SPECIMENS   EBOM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7515. 

Metal  from  Nickel  Steel  Ingot.     Oil  tempered  and  annealed. 

Marks,  325,  N3-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  26J^. 


Applied 

loftdsper 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
90,000 
85,000 
40,000 
45,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
68,000 
72,000 
76,000 
80,000 
80,800 
0 

Inch. 

0. 

.0008 
.0010 
.0015 
.0020 
.0026 
.0081 
.0036 
.0042 
.0047 
.0052 
.0058 
.0140 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

.0220 

.0829 

.0372 

.0440 

.0480 

.0657 

.09 

.13 

,18 

.29 

.0368 

Tensile  strength. 
=13.7  per  cent. 

.41 



Elongation  of  inch  sections:  ".16,  ".10,  ".15*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Fractured  1".5  from  the  neck.     Appearance,  dull  amorphous,  light 
and  dark  colored  patches.     Opened  cracks  in  surface  of  stem. 


TENSILE   SPECIMENS    FROM    RUPTURED   ENDURANCE    SHAFTS.       307 

No.  7564. 

Metal  from  Carbon  Steel  Ingot.     Oil  tempered  and  annealed. 

Marks,  327,  C3-D. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  270. 


Applied 

loaaa  per 

square 

inch. 


PoundB. 
1,000 
5,000 
10,000 
20,000 
30,000 
36,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47.000 
48,000 
49,000 
50,000 
62,000 
66,000 
60,000 
64,000 
68,000 
69,680 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0004 
.0010 
.0020 
.0081 
.0087 
.0041 
.0042 
.0045 
.0048 
.0870 
.0376 
.0400 
.0440 
.0480 
.0632 
.0680 
.07 
.10 
.12 
.16 
.24 


Set. 


Inch, 

0. 

0. 


Remarks. 


0. 
0. 
0. 


.0612 


Initial  load. 


ElasUc  limit. 


Tensile  strength. 
=  12.7  per  cent. 


Elongation  of  inch  sections:  ".13,  ".16*,  ".09. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured  1".3  from  the  neck.     Appearance,  dull  gray,  amorphous. 
Pitted  surface.     Opened  cracks  along  surface  of  stem. 


308      TENSILE   SPECIMENS   FROM   BUPTURED   ENDURANCE   SHAFTS. 

No.  7541. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  328,  7  X  2,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Se.. 

Pounde. 
1,000 
5,000 
10,000 

Inch. 

"■.^ 

.0011 

.0021 

.0031 

.0041 

.0046 

.0051 

.0059 

.0066 

.0073 

.0082 

.0087 

.0110 

.0280 

.0330 

.0440 

.0512 

.0622 

.0749 

.09 

.13 

.17 

.22 

.29 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

20,000 

80.000 
40,000 
45,000 

0. 
0. 

50,000 
55,000 
60,000 
66,000 
68,000 

6. 

0. 
.0001 
.0003 

69,000 

70,000 
71,000 

.0033 

72,000 

74,000 

76,000 

Tensile  strength. 
=27  per  cent. 

78,000 

80,000 
84,000 

.0643 

88,000 

92,000 

96,600 

100,000 

102,400 

0 

.81 

.48*,  ".16. 


Elongation  of  inch  sections:  ".17, 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

(/ontraction  of  area,  61.5  per  cent. 

Fractured  at  the  middle  or  the  stem.     Appearance,  fine  silky. 


TENSILE   SPECIMENS    FROM    RUPTURED    ENDURANCE   SHABTS.       309 

No.  7542. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  329,  7X1,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loads  per 

square 

inch. 

round*. 
1,000 
5,000 
10.000 

In  gauged  length. 

Remarks. 

Elonga-    1       o^ 
Uon.             ^^' 

Inch.      \      Inch. 
0.                   0. 

.0004            0. 

.0010     

IniUal  load. 

ElasUc  limit.    Load  fell. 

Tensile  strength. 
=  29  per  cent. 

20,000 

.0020     

90.000 

.0030 

40,000 
45.000 
50,000 
54,000 
60,000 
51,000 
62,000 
58,000 
54,000 
66,000 
58,000 
60,000 
64,000 
68,000 
72.000 
76,000 
80,000 
80,800 
0 

.0041            6. 
.0046    ' 

.0051              .0001 
.0058     

.0800     

.0370    1 

.0895     

.0482     

.0492              .0-rJii 
.0563    i 

.0687     

.0804              .0726 
.10         

.13         

.17        

.22         

.40       1 

1 

.87         

1 

Elongation  of  inch  sections:  ".18,  ".52*,  ".17. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".8  from  the  neck.     Appearance,  tine  silky. 


310       TENSILE    SPECIMENS    FROM    RUPTURED    ENDURANCE    SHAFTS. 

No.  7643. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  330,  7x1,  2. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  272. 


Applied 

loads  pt»r 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Inch. 

0. 
.0003 
.0010 
.0020 
.00.^1 

Set. 

Remarks. 

I\)UHd«. 

1,000 

5,000 

10,000 

20,000 

30.000 

JrtrA. 

0. 

0. 

luitial  load. 

85, 000    1          -  OQ»fi 

40,000 
45,000 
60.000 
65,000 
67,000 
62,000 
53,000 
54,000 
65,000 
66,000 
68,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
82.600 
0 

.0041 

.0046 

.0062 

.0058 

.0060 

.0132 

.0144 

.0250 

.0328 

.0362 

.0460 

.0761 

.09 

.12 

.15 

.20 

.28 

ElaHtio  limit.    Load  fell. 

0. 
0. 

.0682 

Tensile  strength. 
=20.7  per  cent. 

.02 

Elongation  of  inch  sections:  ".35*,  ".17,  ".10. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured,  1".2  from  the  neck.     Appearance,  fine  silky. 


TENSILE   SPECIMENS   FROM   BUPTUBED   ENDURANCE   SHAFTS. 

No.  7645. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  331,  7x1,  4. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  272. 


811 


loadBper 
Tnch. 

In  gauged  length. 

i 
RemarkR. 

Elonga- 
tion. 

Set. 

P&undi. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
49.000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
54,000 
66,000 
68,000 
60,000 

Inch. 

0. 
.0004 
.0010 
.0021 
.0061 
.0041 
.0046 
.0052 
.0180 
.0280 
.0809 
.0362 
.0400 
.0445 
.0540 
.0715 
.0610 
.0940 
.1065 
.1290 

Inch. 

0. 

0. 

InitUl  load. 

0. 
0. 

ElasUc  limit.    Load  fell. 

Tenaile  strength. 
=27.7  per  cent. 

.0178 

64,000    ;         .17 
68,000             .22 
72,000    1         -S2 

74,800 
0 

.63 

Elongation  of  inch  sections:  ".33*,  ".37*,  ".13. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  1".47  from  the  neck.     Appearance,  fine  silky. 


812      TENSILE   SPECIMENS   FBOM   BUPTUBED   ENDUBANOE   SHAFTS. 

No.  7565. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  332,  7x1,  6. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  273. 


Applied 

square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pouwis. 
1,000 
5,000 
10.000 
20,000 

Inch. 

0. 
.00(M 
.0010 
0021 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Uuid  fell. 

Tensile  strength. 
-^  30  per  cent. 

90,000    ,          .0082 
35,000               ODBH 

.0001 

40,000 
45.000 
50,000 
55,000 
49,000 
50,000 
51,000 
62,000 
54,000 
55,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,6«0 
0 

.0048 

.0049 

.0054 

.0069 

.0360 

.0400 

.0472 

.0600 

.0598 

.0670 

.10 

.13 

.17 

.23 

.35 

.6661 
.0001 
.0001 
.0001 

.OtJOO 

.90 

Elongation  of  inch  sections:  ".17,  ".49*,  ".24. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".6  from  the  neck.     Appearance,  line  silky. 


TENSILE   SPECIMENS   FBOM   BUPTURED    ENDURANCE   SHAFTS.       SI 3 

No.  7586. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  high  heat. 

Marks,  333,  7x1,  8. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  273. 


Applied 

loaoftper 

nquare 

inch. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
90,000 
40,000 
45,000 
fiO.000 
65,000 

eo,ooo 

62,000 
63,000 
66,000 
60,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
88,960 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0004 
.0010 
.0020 
.0081 
.0042 
.0048 
.0056 
.0061 
.0068 
.0069 
.0070 
.0108 
.0140 
.0440 
.0510 
.0580 
.0665 
.0770 
.0849 
.0915 
.18 
.16 
.21 
.35 


.74 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 
0. 
0. 


Remarkfl. 


Initial  load. 


Elastic  limit 
Load  fell. 


.0752 


Tensile  strength. 
=^  24.7  per  cent. 


Elongation  of  inch  sections:  ".14,  ".44*,  ".16. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".6  from  the  neck.     Appearance,  line  silky,  cup-shaped. 


314      TEKSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   SHAFTS. 

No  7587. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  336,  7x2,  3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  274. 


loads  per 
square 
Inch. 

In  gauged  length. 

Elongar 
tlon. 

Bet. 

Remarks. 

Ptmndi. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
91,280 
0 

Inch. 

0. 
.0004 
.0009 

.0020 
.0080 
.0041 
.0046 
.0047 

Inch. 

0. 

0. 

Initial  load. 

.0001 

Elastic  limit. 

.0061 
.0068 
.0068 
.0064 
.0070 
.0080 
.0091 
.0120 
.0169 

.0009 

.0062 

.0240 
.0300 
.0366 

.0448 
.0606 
.0690 

.0371 

.0780 
.0972 
.1470 
.21 

.28 

Tensile  strength. 
«  28.3  per  cent. 

.70 

Elongation  of  inch  sections:  ".13,  ".19,  ".38". 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  fine  silky,  cup-shaped. 
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Annular  Tensile  Specimens  from  Ruptured  Endurance  Shafts. 

The  marks  give  the  test  number  of  the  endui-ance  shaft,  also  the  fig- 
ures and  letters  which  were  employed  to  identify  the  grade  and  treat- 
ment of  the  metal. 


-  i»^ 


No.  7588. 

Bethlehem  Steel,  Nickel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  280,  7  X  1  S. 

Sectional  area,  .149  siiuare  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  578. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 

1,000 

5.000 

10.000 

20,000 

ao.ooo 

35,000 
40,000 
45.000 
50,000 

63,000 

54,000 
55.000 
66,000 
67.000 
58,000 
69,000 
60,000 
66,000 

Inch, 
0. 
0. 

.0001 
.0004 
.0008 
.0010 
.0011 
.0012 
.0014 
/        .0016 
1        .0050 
.0135 
.0149 
.0156 
.0169 
.0180 
.0200 
.0209 
.0291 

Inch. 
0. 

Initial  load. 
jElastic  limit. 

Tensile  strength. 

0. 
0. 
0. 

70,000 
86,140 

.0391 

.0865 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".80. 
Appearance  of  fi-acture,  silky. 
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No.  7591. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  281,7x1  HS. 

Diameters  i  exterior,  1". 
iJiameters  ^  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  579. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga-           a_t 
tion.             ^*- 

Pounds. 
1.000 
6  000 

Inch. 
0. 
nnni 

Inch. 
0. 

IniUal  load. 

10,000    <         .00^ 
20,000    '          .0008 
90.000              .0010 
36,000              .0011 
40,000              .0012 
46,000    i          .0014 
50,000              .0017 
65.000              .0019 

Elastic  limit. 
Tensile  strength. 

6. 

0. 

60.000              .0020 
61,000    ,         .0119 
62,000    ,          .0138 
68,000              .0149 
64,000              .0159 
66,000              .0179 
66, 000               -  0194 

.0001 

.0152 

68.000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
92,210 

.0218 
.0260 
.0270 
.0818 
.0369 
.0396 
.0456 

.0219 

.0119 

Elongation  of  inch  section:  ".31. 
Exterior  diameter  at  fracture,  ". 
Appearance  of  fracture,  silky. 
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No.  7592. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  286,  7X7  HS. 

rk:„w««f^^    I  exterior,  1". 

1^^*°^^^^^' 1  interior, -.90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  589. 


Applied 

loaoflper 

square 

inch. 


Pounds. 

1,000 

6,000 

10,000 

20,000 

ao.ooo 

36,000 
40,000 
46,000 
60,000 
65,000 
60,000 
68,000 
64,000 
65,000 
66,000 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
80.000 
116,510 


111  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

0. 
.0001 
.0005 
.0009 
.0011 
.0012 
.0013 
.0015 
.0017 
.0019 
.0021 
.0024 
.0042 
.0058 
.0071 
.0086 
.0099 
.0111 
.0132 
.0143 
.0162 


Set. 


Remarkii. 


Inch. 

0.  Initial  load. 


.0068 


.0129 


Elastic  limit. 


Tenfdle  strength. 


Elongation  of  inch  section:  ".29. 
Exterior  diameter  at  fracture,  ".84. 
Appearance  of  fracture,  silky. 

H.  Doc.  335 21 
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No.  7593. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  the  middle  of  length  of  shaft. 

Marks,  285,  7  X  7  HS. 

DiamPtPrs  \  exterior,  1". 

^^^^'^^'^n  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Keport  of  1895,  page  689. 


square 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Inch. 
0. 

RemarkM. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80.000 
35,000 

Jncft. 

0. 

0. 

.0001 
.0005 
.0009 
.0011 

Initial  load. 

Elastic  limit  about  68,000  pounds. 

Tensile  strength. 

40,000              .0012 
45,000              .0013 
50,000    1          .0016 
55,000    I          .0019 

0. 

0. 

60,000    .          .0027 
61,000              .0031 
62,000                OOXi 

.0007 

63,000 
64,000 
66,000 

.0039 
.0046 
onrw 

68,000              .OOTi 

70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
115, 440 

.0066 
.0096 
.0110 
.0129 
.0140 
.0159 

.0059 

.0123 

Elongation  of  inch  section:  ".29. 
Exterior  diameter  at  fracture,  ".84. 
Appearance  of  fracture,  silky. 
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No.  7594. 

Bethlehem  Steel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  286,  7X6  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  587. 


loaasper 
square 
inch. 

Remarkfi. 

Elongar 
tion. 

Set. 

Pcmndf. 
1,000 
6.000 
10,000 
20,000 
30,000 
36,000 
40,000 
41,000 
42,000 
48,000 
44,000 

Inch. 

0. 

0. 
.0001 
.0006 
.0009 
.0011 
.0012 
.0012 
.0020 
.0090 
ooas 

Inch, 
0. 

• 
Initial  load. 

A 

Elastic  limit. 
Tensile  strength. 

0. 

45,000    '          -OOQR 

46,000 
47,000 
48,000 
49,000 
60,000 
65,000 
60,000 
66,000 
70,000 
88,890 

.0106 
.0114 
.0125 
.0136 
,0147 
.0219 
.0268 
.0362 
.0480 

.0126 

.0242 

.0448 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7595. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  length  of  shaft. 

Marks,  286,  7x6  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

square 

inch. 


Poundf. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
65,000 
60,000 
65,000 
70,000 
87,920 


In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 
.0001 
.0104 
.0009 
.0010 
.0011 
.0012 

Inch. 
0. 

Initial  load. 
Elautlc  limit. 

Tensile  strength. 

0. 

.0017 

.0019 

.0021 

.0026 

.0032 

.0088 

.0042 

.0053 
.0060 
.0110 
.0154 
.0215 
.0297 

.0041 

.0180 

.0263 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7596. 

Bethlehem  Steel.     Annealed. 

Specimen  from  end  of  shaft. 

Marks,  288,  7x5  S. 

p..  _^.^^  J  exterior,  1". 

^^^^^^1  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Elonga- 
tion. 

Iwh. 

0. 

0. 

.0008 
.0006 
.0010 
.0011 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10.000 
20,000 
30,000 
35,000 

Inch. 
0. 

Initial  load. 

Elastic  limit  about  39,000  ponndi*. 

40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
55,000 
60.000 
65,000 
70,000 
74,090 

.0023 
.0131 
.0138 
.0145 
.0160 
.0179 
.0187 

.oao 

.0219 
.0231 
.0247 
.0351 
.0470 
.0644 
.1000 

.0011 

.0160 

.0227 

Tensile  strength. 

Elongation  of  inch  section:  ".43. 
Exterior  diameter  at  fracture,  ".78. 
Appearance  of  fracture,  silky. 
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No.  7597. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  lengrth  of  shaft. 

Marks,  288,  7X5  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  686. 


square 
inch. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5.000 
10,000 
20,000 
80,000 
35,000 

Inch, 

0. 

0. 
.0002 
.0006 
.0009 
.OOU 

Inch. 
0. 

Initial  load. 

Elastic  limit  about  39,000  Ibd. 

Tendle  strenerth. 

40,000 
41,000 
42,000 
.43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
56,000 
00,000 
65,000 
70,000 
77,580 

.0023 
.0090 
.0038 
.0041 
.0051 
.0058 
.0067 
.0076 
.0082 
.0092 
.0103 
.0163 
.0229 
.0651 
.0528 

.0011 

.0039 

.0062 

Elongation  of  inch  section:  ".39. 
Exterior  diameter  at  fracture,  ".79. 
Appearance  of  fracture,  silky. 
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No.  7554. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  289,  7X5  HS. 
Diameters  J  ^xtenor,  1" 


J'. 
'  ( interior,  ".90. 
Sectional  area,  .149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1895,  page  586. 


square 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Set 

RemarJcft. 

PoundM. 
1,000 
6,000 
10,000 
20,000 
80,000 
85.000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
46,000 
47,000 
46,000 
49,000 
60,000 
66,000 
60,000 
66,000 
70,000 
76,860 

Inch. 

0. 

0. 
.0001 
.0004 
.0006 
.0010 
.0012 
.0014 
.0022 
.0036 
.0056 
.0062 
.0073 
.0062 
.0091 
.0107 
.0117 
.0182 
.0270 
.0872 
.0640 

Inch. 
0. 

Initial  loail. 
Elastic  limit. 

Tensile  strength. 

0. 

.0099 

.0248 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".85. 
Appearance  of  f mcture,  silky. 
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No.  7555. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  289,  7x5  HS. 


p..  _  .^„ ,   j  exterior,  1". 
Diameters,  j  j^^^j^^\,^^ 


90. 
Sectional  area,  .149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1895,  page  686. 


Applied 

loaas  per 

square 

inch. 


In  gauged  length. 


Klonga- 
tion. 


Pounds. 
l.OOO 
5.000 
10,000 
20.000 
80,000 
36,000 
40,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50.000 
55,000 
60,000 
65,000 
70,000 
78,050 


Inch. 

0. 

0. 

Inch. 
0. 

.0001 

.0004 

.0008 

.0010 

.0011 
.0012 

6. 

.0015 

.0018 

.0029 

.0036 

.0049 

.0060 

.0070 

.0080 
.0147 

.0060 

.0229 
.0329 

.0203 

.0500 

Kcnmrks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 


Elongation  of  inch  section:  ".27. 

Exterior  diameter  at  fracture,  ".87. 

Appearance  of  fracture,  silky.  There  were  numerous  small  cracks 
opened  in  the  exterior  surface  ".01  to  ".03  long  in  a  circumferential 
direction,  and  ".01  ifc  deep.  Oblique  fracture  passing  through  three 
of  these  cracks. 
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No.  7566. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  291,  7x3  HS. 

n;«^«*^^   J  exterior,  1". 

^^*^^^^' 1  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  583. 


loads  per 
square 
Tnch. 

In  gauged  length. 

Remarks. 

1 
Elonga-          «_. 

PwtuU. 
1,000 
6,000 
10,000 
20,000 
80,000 
36,000 
40,000 
46,000 
60.000 
56,000 
60,000 
70,000 
80,000 
90,000 
100.000 
107,000 
108,000 
109,000 
110.000 
111,000 
112.000 
129,060 

Inch. 

0. 

0. 

.0002 
.0006 
.0009 
.0010 
.0012 
.0014 
.0016 
.0017 
.0019 
.0021 
.0024 
.0027 

Inch. 
0. 

InlUal  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 
0. 
0. 
0. 
0. 

.0082 
.0040 
.0048 
.0064 
.0110 

Elongation  of  inch  section:  ".26. 
Exterior  diameter  at  fracture,  ".86. 
Appearance,  silky. 
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No.  7557. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  291,  7X3  HS. 


j  exterior,  1". 

'  j: 


^'•^^^^'^l  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  583. 


AppUed 

loads  per 

square 

inch. 

In  g:au9ed  length. 

Klon^- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

80,000 

40.000 

50,000 

60,000 

70,000 

80,000 

90.000 

100,000 

108,000 

109,000 

110,000 

111,000 

112,000 

128,190 

Inch. 

0. 

0. 

.0001 
.0005 
.0008 
.0011 
.0018 
.0017 
.0020 
.0023 
.0027 
.0030 
.0032 
.0088 
.0057 
.0180 
.0166 

Inch. 
0. 

0. 

0. 

0. 

0. 

Remarks. 


InltiHl  load. 


Elastic  limit. 


Tensile  strength. 


Elongation  of  inch  section:  ".22. 
Exterior  diameter  at  fracture,  ".89. 

Appearance  of  fracture,  silky.     Small  cracks  opened  in  the  outside 
surface  of  the  specimen. 


TEl^SIIiE   SPECI102N8   FROM   RUPTURED    EI^DURANOE    SHAFTS.       331 

No.  7698. 

Bethlehem  Steel,  Nickel.     CHI  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  293,  7X2  HS. 

Diameters  \  exterior,  1". 
i^iameters,  -j  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  681. 


Applied 

In  gauged  length. 

Remarks. 

square 
inch. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
50,000 
56,000 
60,000 
65,000 
70,000 
75.000 
80,000 
85,000 
90,000 

Inch. 

0. 

0. 
.0002 
.0007 
.0010 
.0011 
.0012 
.0014 
.0017 
.0018 
.0020 
.0021 
.0022 
.0023 

.0026 
.00z8 

Inch. 
0. 

IniUal  load. 

0. 

Eliutie  limit,  about  92,000  pounds. 



6. 

0. 

95,000 
100,000 
106,000 
110,000 
116,510 

.0062 
.0248 
.0»43 
.0520 

.0204 

Tensile  strength. 

Elongation  of  inch  section:  ".24. 
Exterior  diameter  at  fracture,  ".86. 
Appearance  of  fracture,  silky. 


332      TENSILE   SPECIMENS    FROM   RUPTURED   ENDURANCE    SHAFTS. 

No.  7599. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  293,  7  X  2  HS. 

Diameters  \  P^rior,  1". 

^^*'^®^^(  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  581. 


Applied 

loaoaper 

square 

inch. 

In  g:auged  length. 

Remarlw. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

ao.ooo 

35.000 
40,000 
45.000 
50,000 
55,000 
60,000 
65,000 
70,000 
75.000 
80,000 
85,000   ' 
90,000 
91,000 
92.000 
93,000 
94,000 
95,000 
100,000 
106,000 
110,000 
116,110 

Inch. 

0. 

0. 
.0002 
.0006 
.0009 
.0010 
.0011 
.0018 
.0016 
.0018 
.0019 
.0021 
.0022 
.0023 
.0025 
.0027 
.0080 
.0056 
.0061 
.0067 
.0071 
.0090 
.0242 
.0330 
.0560 

Inch, 
0. 

Initial  loa<i. 

ElRj^tlc  limit. 
Tensile  ntrength. 

0. 

0. 

0. 

.0001 

.0208 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".86. 

Appearance  of  fracture,  silky.     A  few  minute  circumferential  cracks 
on  tne  exterior  surface  opened  near  the  place  of  rupture. 


TENSILE   8PECIAIEN8   FROM   RUPTURED   ENDURANCE   SHAJTIS.       338 

No.  7568. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  295,  7X8  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  691. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set, 

1,000 
6,000 
10,000 
20,000 
80,000 
40.000 
60,000 
60.000 
70.000 
80.000 
85,000 
90,000 
94,000 
95,000 
96,000 
97.000 
96,000 
99,000 
100.000 
101,000 
102.000 
108.000 
104.000 
106.000 
106.000 
107,000 
106,000 
109.000 
110,000 
111,000 
112,000 
168,120 

Inch. 
0. 
.0001 

.0007 
.0010 
.0012 
.0017 
.0019 
.0021 

.0027 
.0029 
.0032 
.0037 
.0040 
.0042 
.0046 
.0048 
.0061 
.0064 
.0068 
.0060 
.0062 
.0067 
.0070 
.0072 
.0078 
.0082 
.0085 
.0090 
.0093 

Inch. 
0. 

Initial  load. 
Ekutic  limit. 

Tensile  strength. 

0. 

0. 

0. 
.0001 

.0016 

.0049 

Elongation  of  inch  section:  ".17. 

Exterior  diameter  at  fracture,  ".90. 

Appearance  of  fracture,  fine  granular,  in  part  silky. 


BRICKS. 


ABSORPTION  OF  WATER  AND  ELASTIC  PROPERTIES. 


DRY  PRESSED  AND  MUD  BRICKS  FROM  DIFFERENT 
PARTS  OF  A  DOWN-DRAFT  KILN. 

The  two  kinds  of  bricks,  made  from  the  same  clay,  were  burned  side  by  side  in 
the  respective  parts  of  the  kiln  mentioned. 


MATERIAL  FURNISHED  BY  MESSRS.  FISKK  &  CO.,  BOSTON,  MASS. 
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ABSORPTION  TESTS  OF  BRICKS. 


DRY  PRESSED  AND  MUD  BRICKS,  FROM  DIFFERENT  PARTS  OF  THE 

SAME  KILN.  IMMERSED  IN  WATER  DIFFERENT  INTERVALS  OF 

TIME  AND  THE  TOTAL  AND  SUCCESSIVE  AMOUNTS 

OF  WATER  ABSORBED  DETERMINED. 
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BBI0K8. 

Dry  Pressed  Brick,  Top  of  Kiln. 
Dimensions:  8".18  X  4".03  X  2".42. 


841 


Time  in  water. 

Weight 

Gain. 

Gain  by 
weight. 

Per  cetii. 

Sncceasiye 
gain. 

Hours. 

Mini. 

Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
20 

Orairu. 
40,950 
41.970 
42,560 
43,040 
43,430 
48,720 
43,980 
44,050 
41,100 
44,140 
41,220 
44,820 
44,460 
44,500 
44,560 
44,570 
44,680 
44,680 
44,710 

Graitu, 

Graint. 

1,020 
1,610 
2,090 
2,480 
2.770 
2.960 
8,100 
8,160 
8,190 
8,270 
8,870 
8,510 
8,560 
8,610 
8,620 
8,660 
8;  780 
8,760 

2.5 
8.9 
5.1 
6.1 
6.6 
7.8 
7.6 
7.7 
7.6 
6.0 
8.2 
8.6 
8.7 
8.6 
6.8 
9.0 
9.1 
9.2 

1,020 
590 
460 
890 
290 
210 
120 
50 
40 
80 
100 
140 
40 
60 
10 
60 
50 
30 

2* 

19 
27 
67 
96 
120 
144 
166 

1 
10 

Dry  Pressed  Brick,  One-third  Down. 
Dimensions:  8".30X  3".92X  2".47. 


Time  in  water. 

Weight 

Gain. 

Gain  by 
weight 

Succeasiye 
gain. 

Hourt. 

Mint. 

8ec$. 
0 
2 
4 
6 
8 
10 
12 
14 
20 

Qraint. 
89,680 
40.965 
41,710 
42,225 
42.640 
42,980 
48,200 
43,840 
43.440 
48,580 
48,670 
48,820 
48,810 
43,980 
48,960 
44,060 
44,070 
44,110 
44,160 
44,210 

Orains. 

Percent. 

Oraina. 

1,166 
1,880 
2,896 
2,810 
8,160 
8,870 
8,510 
8,610 
8,760 
8,840 
8,990 
8,960 
4,100 
4,150 
4,220 
4,240 
4280 
4,380 
4,880 

2.9 
4.7 
6.0 
7.1 
7.9 
8.5 
8.8 
9.1 
9.4 
9.6 
10.0 
10.0 
10.8 
10.4 
10.6 
10.6 
10.7 
10.9 
11.0 

1.155 

725 

516 

415 

840 

220 

140 

100 

140 

90 

150 

-10 

110 

50 

70 

20 

40 

60 

50 

2*' 

4 

20 
28 
68 
96 
120 
144 
168 

1 
10 
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BBIOKS. 

Dry  Pressed  Brick,  Two-thirds  Down. 


Dimensions:  8".42X4"X2".50. 


Time  in  water. 

Weight. 

Gain. 

Gain  by- 
weight. 

SucceMiye 
gain. 

Hourg. 

Mimt. 

Sec8. 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 

OraifU. 
41,800 
43,105 
43,870 
44,495 
44,970 
45,360 
45,655 
45,840 
45,905 
45,915 
45,915 
45,950 
45,980 
46,080 
46,170 
46,290 
46,310 
46,340 
46,380 
46,450 

OraiM. 

Percent. 

Oraint. 

1,305 
2,070 
2,696 
8,170 
3,500 
3,855 
4,040 
4,105 
4,115 
4,115 
4,150 
4,180 
4,280 
4,370 
4.490 
4,510 
4.540 
4,580 
4,660 

8.1 
5.0 
6.4 
7.6 
8.5 
9.2 
9.7 
9.8 
9.8 
9.8 
9.9 
10.0 
10.2 
10.5 
10.7 
10.8 
10.8 
11.0 
11.1 

1,806 

765 

625 

475 

390 

295 

185 

65 

10 

0 

1^ 

100 
90 

120 
20 
30 
40 
70 

i* 

8 
23 
71 
96 
120 
144 
168 

10 

Dry  Pressed  Brick  from  Bottom  of  Kiln. 
Dimensions:  8".60x4".05x2".53. 


Time  In  water.        ,    Weight. 

Gain. 
Grains. 

Gain  by 
weight. 

Succe«ive 
gain. 

Hours. 

Mins. 

Sees.    ,     Chrairui. 
0    1        40,500 
2            41,935 
4    V       42,880 
6    '       43,710 
8            44, 390 

Percent.         Orains. 

1,435 
2,380 
3,210 
.4  Kon 

3.6 
5.9 
7.9 
9.6 
11.0 
12.2 
13.0 
13.6 
13.8 
13.8 
13.9 
13.9 
13.9 
13.9 
14.0 
14.1 
14.2 
14.5 
14.7 
14.9 
14.9 
14.9 
15.0 

1,435 

945 

830 

680 

560 

500 

330 

226 

105 

0 

6 

15 

0 

0 

20 

65 

45 

110 

70 

80 

10 

0 

50 

10         .44,950    ,          i\m 
12            45,450    1          4,950 
14            45,780              5,280 
16            46,005    1         5,505 
18    ,        46,110             5,610 
20            46,110    1          5,610 
30             46.115     1           5.615 

i" 

15 
26 
42 
66 
114 
120 
144 
168 

1 
5 
30 

46.130    ,          5,630 
46,130             5,630 
46,130              5,630 
46,150    1          5.650 

::::::::i:. .:;::: 

46,216 
46,260 
46,370 
46,440 
46,520 
46,530 
46,530 
46,580 

5,715 
5,760 
6,870 
5,940 
6,020 
6,030 
6,080 
6,060 

i 

, 

1 

1 

1 

BBIOKS. 

Mud  Brick,  Top  of  Kiln. 
Dimensions:  8".05 X  3".95 X  2".40. 
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Time  in  water. 


Hours.]  Mins.      Sees. 
0 

1 4 

12 



2" 

1      

5    1 

80    ' 

4 

5 

45 

72 
96 
120 
144 
168 

Weight. 


Orains. 
43,990 
44,030 
44,030 
44,080 
44,040 
44,050 
44,060 
44.090 
44,090 
44,230 
44,320 
44,400 
44,480 
44,570 
44,660 


Qain. 


'    Gain  by     Successiye 
I    weight.  gain. 


Orains. 


Percent. 


40 

40 

40 

50 

60 

70 

100 

100 

240 

330 

410 

490 

580 

670 


0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.5 
0.8 
0.9 
1.1 
1.8 
1.5 


Orains. 


40 
0 
0 
10 
10 
10 
30 
0 
140 
90 
80 
80 
90 
90 


Mud  Brick,  One-Fourth  Down. 
Dimensions:  8".10X3".98X2".38. 


Time  in  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Hours. 

Mifis. 

Sees. 
0 
2 
4 
8 
12 
20 

Orains. 
42,290 
42,450 
42,490 
42,530 
42,550 
42. 570 
42,600 
42,660 
42,730 
42,850 
43,020 
43,490 
48,670 
43,820 
43,920 
44,280 
44,360 
44,410 
44,460 
44,490 
44,530 

Orains. 

Per  cent 

Orains. 

160 

200 

240 

260 

280 

310 

370 

440 

560 

730 

1,200 

1,380 

1,530 

1,630 

1,990 

2,070 

2,120 

2,170 

2,200 

2,240 

0.4 
0.5 
0.6 
0.6 
0.7 
0.7 
0.9 
1.0 
1.3 
1.7 
2.8 
3.3 
3.6 
3.9 
4.7 
4.9 
5.0 
6.1 
5.2 
5.3 

160 
40 
40 
20 
20 
30 
60 
70 
120 
170 
470 
180 

i" 

3 

4 

5 

6 

45 

72 

96 

120 

144 

168 

1 

5 
10 
30 





150    1 

100 
360 
80 
50 
50 
30 
40 

1  

1 

1 



344  BKIOKS. 

Mud  Brick,  Two-thirds  Down. 
Dimensions:  8".42x4".08X  2".62. 


Time  In  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Sucoessive 
gain. 

Hourg. 

MiM. 

Sees. 
0 

Orains. 
45,020 
46,280 

Oraitu. 

Percent 

QraiM. 

2 

260 

0.6 

260 

4 

46,420 

400 

0.9 

140 

6 

45,560 

640 

1.2 

140 

8 

45,680 

660 

1.6 

120 

10 

45,780 

760 

1.7 

100 

12 

45,870 

860 

1.9 

90 

14 

45,960 

940 

2.1 

90 

20 

46,060 
46.150 
46,270 

1,090 

2.3 

90 

30 

1,180 
1,260 

2.5 

100 

1 

2.8 

120 

2 

46,440 

1,420 

8.2 

170 

3 

46.580 

1.660 

8.5 

140 

4 

46,700 

1,680 

3.7 

120 

5 

46,810 

1,790 

4.0 

110 

7 

46,940 

1,920 

4.8 

190 

10 

47,110 

2,090 

4.6 

170 

15 

47,290 

2,270 

5.0 

180 

20 

47,460 

2,430 

6.4 

160 

25 

47,600 

2,680 

5.7 

150 

30 

47,690 

2,670 

6.9 

90 

45 

47,840 

2,820 

6.S 

150 

1 

47,890 

2,870 

6.4 

50 

2 

47, 910 

2,890 

6.4 

20 

4 

47,980 

2,960 

6.6 

70 

7 

48,040 

3.020 

6.7 

60 

47 

48,300 

3',^ 

7.8 

260 

72 

48,380 

3.360 

7.6 

80 

96 

48,430 

8,410 

7.6 

50 

1-20 

48,580 

8,610 

7.8 

100 

144 

48,610 
48,690 

3,690 
3,610 

8.0 

80 

168 

8.0 

20 

Mud  Brick,  Bottom  of  Kiln. 
Dimensions :  8". 53  X  4".  16  X  2". 50. 


Tirae  in  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Hmtra. 

Min». 

Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
-20 

Grains, 
44,700 
45,120 
46,440 
45,670 
45,880 
46,060 
46,220 
46,400 
46,600 
46,890 
47,870 
47,710 
47,940 
48,160 
48,320 
48.540 
48.600 
48,690 
48.910 
49,060 
49, 150 
49,210 
49,250 
49,310 
49,400 
49.490 

Grains. 

PtrreiU. 

Oratiu. 

420 
740 
970 
1,180 
1,960 
1.620 
1,700 
1,900 
2,190 
2.670 
8.010 
8,240 
3,460 
3,620 
3,840 
3,900 
8,930 
4,210 
4.360 
4,460 
4,510 
4,560 
4,610 
4.700 
4,780 

0.9 
1.7 
2.2 
2.6 
3.0 
8.4 
3.8 
4.3 
4.9 
6.0 
6.7 
7.2 
7.7 
8.1 
8.6 
8.7 
8.8 
9.4 
9.7 
10.0 
10.1 
10.2 
10.3 
10,5 
10.6 

4-20 
320 
-230 
210 
180 
160 
180 
200 
290 
480 
340 
230 
220 
160 
2-20 
60 
90 
280 
140 
100 
60 
40 
60 
90 
90 

i:::::::: :::::::: 

1 

1 

i" 

2 
17 
25 
64 
88 
96 
1-20 
144 
168 

1 
2 
4 
6 
8 
10 
25 





BBICKS. 

Eijisnc  Properties  op  Bricks. 
Ends  of  bricks  were  ground  flat  on  a  rubbing  bed. 


845 


No.  1458. 

DRT  PRESSED  BRICK. 


Shade  11,  from  top  of  kiln. 

Total  weight,  6  pounds  14i  ounces =128. 3  pounds  per  cubic  foot. 

Length,  8'M3. 

Sectional  area,  2".43X4".00=9.72  square  inches. 

Gauged  length,  5''. 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pound». 

972 

1,944 

8,888 

6,832 

71776 

9,720 

11,664 

13,608 

16,662 

17,496 

19,440 

21,S84 

23,328 

25.2T2 

27.216 

29,160 

81,104 
33,048 
84,992 
86,986 
38,880 
40.824 
42,768 
44,712 
46,656 
48,600 
60,644 
62,488 
64,432 
66.376 
68,820 
60.264 
62.206 
64,162 
66,096 
68,040 
69,964 
71,928 
78.872 
76,816 
77,760 

100,100 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2.400 

2.600 

2.800 

3,000 

3.200 
3.400 
3,600 
3,800 
4,000 
4,200 
4,400 
4,600 
4,800 
6,000 
6,200 
6,400 
6,600 
6,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
7,200 
7,400 
7.600 
7,800 
8,000 

10,300 

Inch. 

0. 

.0003 
.0007 
.0012 
.0016 
.0017 
.0020 
.0024 
.0028 
.0080 
.0083 
.0036 
.0089 
.0042 
.0046 
.0049 

.0061 
.0064 
.0067 

.0063 
.0066 
.0069 
.0072 
.0076 
.0078 
.0081 
.0084 
.0087 
.0090 
.0003 
.0097 
.0100 
.0104 
.0107 
.0110 
.0113 
.0117 
.0120 
.0124 
.0127 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

£  (1.000-^,000)  <-8.126,000  pounds  per  square 

B  (1.000-8.000)  »S.271,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 

0. 

.0001 

.0001 

.0002 

.0006 
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BRICKS. 
No.  1459. 


DRY   PRESSED  BRICK. 


Shade  7,  from  i  down  the  kiln. 

Total  weight,  5  pounds  16f  ounces =127.2  pounds  per  cubic  foot. 

Length,  8".23. 

Sectional  area,  2".46x3".98=9.79  square  inches. 

Grauged  length,  5". 


Applied  loads. 

In  gauged  lengths. 

Remarks. 

ToUl. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

979 

1,958 

3,916 

5,874 

7,832 

9,790 

11,748 

13,706 

15,664 

17.622 

19,580 

21,588 

23,496 

25,464 

27,412 

29,370 

31,328 
33,286 
35,244 
37.202 
39,160 
41,118 
43.076 
45,034 
46,992 
48.950 
50,908 
52,866 
54.824 
56,782 
58,740 
60.698 
62,666 
64,614 
66,572 
68,530 
70,488 
72,446 
74,404 
76,362 
78,320 

86,600 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

3,200 
8,400 
3,600 
3,800 
4,000 
4.200 
4,400 
4.600 
4,800 
5.000 
5,200 
5,400 
6,600 
5,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,(00 
7,200 
7,400 
7,600 
7,800 
8.000 

8,740 

Inch. 

0. 

.0002 
.0004 
.0007 
.0010 
.0012 
.0015 
.0018 
.0021 
.0025 
.0029 
.0032 
.0035 
.0039 
.0042 
.0046 

.0048 
.0a')2 
.0055 
.0058 
.0061 
.0065 
.0069 
.0073 
.0076 
.0080 
.0083 
.0086 
.0091 
.0094 
.0097 
.0101 
.0105 
.0109 
.0113 
.0116 
.0121 
.0126 
.0129 
.0131 
.0140 

Inch. 
0. 

Initial  load. 

E  (1,000-3,000)  =3,125.000  pounds 
inch. 

E  (1,000^.000)  =2.846.000  pounds 

inch. 
Ultimate  strength. 

1 

.6661 





.666i 

::::::::■; 

.0002 

per  square 



.6662 

per  square 

.6662 

.0004 

.0006 

.0006 

BBIOKS. 
No.  14(50. 
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DRY  PRESSRD  BRXGK. 


Shade  2,  from  J  down  the  kiln. 

Total  weight,  6  pounds  13i  ounces  =124.3  pounds  per  cubic  foot. 

Length,  8".  24. 

Sectional  area,  2". 48X3". 95=9.8  square  inches. 

Gauged  length,  5". 


Applied  loadfl. 

In  gauged  length. 

Remarks. 

Total. 

Per  sQuare 
inch. 

Comprcti- 
sion. 

Inch. 

0. 

.0003 
.0008 
.0012 
.0017 
.0022 
.0026 
.0031 
.0086 
.0041 
.0046 
.0050 
.0055 
.0059 
.0064 
.0068 

.0072 
.0077 
.0082 
.0086 
.0091 
.0096 
.0101 
.0107 
.0112 
.0118 

.0124 
.0130 
.0189 
.0145 

Set. 

iMh. 

0. 
0. 
0. 
0. 
0. 
.0001 

Pounds. 
980 
1,960 
8,920 
5,880 
7,  MO 
9,800 
11,760 
18,720 
15,680 
17,640 
19,600 
21,560 
28,520 
25,480 
27,440 
29,400 

31,360 
33,320 
35,280 
37,240 
39,200 
41,160 
43,120 
45,080 
47,040 
49,000 

50,960 
52,920 
M,880 
56,  MO 
58,200 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

3,000 

3,200 
8,400 
3,600 
3,800 
4,000 
4,200 
4,400 
4,600 
4,800 
5,000 

5,200 
5,400 
5,600 
5.800 
5,910 

Initial  luad. 

E  (1,000-3,000)  =2.222.000  pounds 
inch. 

E  (1.000-5,000)  ^2,174.000  pounds 
Ultimate  strength. 

per  square 
per  square 

.0001 

.0004 

.0005 
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BBIOKS. 

No.  1461. 


DBT  DRESSED  BBIOK. 


Shade  06,  from  bottom  of  kiln. 

Total  weight,  6  poands  12  ounces =119.8  pounds  per  cubic  foot 

Len^h,  8^'. 26. 

Sectional  area,  2".51x4".04=10.14  square  inches. 

Grauged  length,  5". 


Applied  loAdii. 

In  gauged  length. 

Remarkfi. 

Total. 

Per  square 
inch. 

Compree- 
flton. 

Set 

Pounds. 

1,014 

2,028 

4,066 

6,064 

8.112 

10,140 

12.168 

14,196 

16.224 

18,2S2 

20,280 

22.806 

24.886 

26,864 

28,892 

80,420 

82,448 
84,476 
35,800 

Pounds. 
100 
200 
400 
600 
800 
1,000 
1,200 

Inch. 

0. 
.0006 
.0015 
.0025 
.0084 
.0041 
.0051 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0002 

Initial  load. 

E(l,000-8,000)»1. 205.000  pounds   per  square 
Inch. 

Ultimate  strength. 

1.400             .0060 
1,600    !          .0067 

1,800 
2,000 
2,200 
2,400 
2,600 
2,800 
8,000 

3,200 
8.400 
8,480 

.0076 
.0064 
.0098 
.0101 
.0111 
.0121 
.0181 

.0146 
.0166 

.0005 

.0009 

.0015 

BBICK8. 

No.  1462. 
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MUD  BRICK. 


Shade  8,  from  top  of  kiln. 

Total  weight,  6  pounds  1  ounce =144. 3  pounds  per  cubic  foot. 

Length,  7".  89. 

Sectional  area,  2".36X3".90=9.20  square  inches. 

Gauged  length,  5". 


Applied  loads. 


Total. 


Perflquare 
inca. 


In  gauged  length. 


Gompree- 
sion. 


Set. 


Remarks. 


Pound*. 

920 

1,640 

3.680 

6,620 

7,860 

9,200 

11,040 

12,880 

14,720 

16,660 

18,400 

20,240 

22,060 

23,920 

26.760 

27,600 

29,440 
31,280 
33,120 
34,960 
86,800 
38,640 
40.480 
42,320 
44,160 
46.0G0 
49,680 
53,860 
65,200 
66,880 
62,560 
64,400 
68,080 
71.760 
73,600 
77,280 
80,960 
82,800 
86,480 
90.160 
92,000 

176,400 


Pounds. 

100 

200 

400 

600 

800 

1.000 

1.200 

1,400. 

1.600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

3.000 

3,200 
3.400 
8.600 
8,800 
4,000 
4,200 
4,400 
4,600 
4,800 
5.000 
6,400 
6.800 
6,000 
6,400 
6.800 
7,000 
7.400 
7,800 
8,000 
8,400 
8,800 
9,000 
9.400 
9,800 
10,000 

19,170 


Inch. 

0. 

0. 
.0001 
.0002 
.0008 
.0004 
.0005 
.0007 
.0006 
.0009 
.0010 
.0011 
.0012 
.0018 
.0014 
.0015 

.0016 
.0017 
.0018 
.0019 
.0020 
.0021 
.0028 
.0024 
.0025 
.0026 
.0029 
.0080 
.0081 
.0064 
.0086 
.0038 
.0040 
.0042 
.0044 
.0046 
.0049 
.0051 
.0063 
.0056 
.0057 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


IniUal  load. 


.0001 


E  (1,000-8,000)  = 
inch. 


10,000,000  pounds  per  square 


.0001 


.0001 


.0001 


.0001 


.0001 

.'666i' 


.0001 


E  (1,000-10,000)^8,654.000  pounds  per  square 

inch. 
Ultimate  strength. 
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BRICKS. 

No.  1463. 


MUD   BRICK. 


Shade  5,  from  i  down  the  kiln. 

Total  weight,  6  pounds= 136.4  pounds  per  cubic  foot. 

Length,  8".04. 

Sectional  area,  2". 35X3". 99 =9. 38  square  inches. 

Gauged  length,  5". 


Applied  loads. 


Total. 


Pound*. 

938 

1,876 

3,752 

6,628 

7,504 

9.380 

11,256 

13,132 

15.008 

16,884 

18,760 

22,512 

26,264 

28,140 

81,892 
85,644 
87,520 
41,272 
45.024 
46.900 
60.652 
54,404 
66,280 

60,082 
63,784 
147,000 


Per  sq  aare 
Inch. 


Pounds. 

100 

200 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,400 

2.800 

3,000 

3,400 
3,800 
4,000 
4,400 
4,800 
5,000 
5,400 
5.800 
6.000 

6,400 
6,800 
15.670 


In  gauged  length. 


Compres- 
sion. 


Inch. 

0. 

.0001 
.0003 
.0004 
.0005 
.0006 
.0007 
.0009 
.0010 
.0011 
.0012 
.0015 
.0017 
.0019 

.0021 
.0024 
.0026 
.0028 
.0031 
.0033 
.0035 
.0038 
.0040 

.0042 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


Remarks. 


.0001 


.0001 


Initial  load. 


£  (1,000-S.OOO)  =7,692,000  pounds  per  wjuare 
inch. 


E  (1,000-6,000)  =7,576.000  pounds  per  square 
Inch. 


Snapping  sounds. 
Spawied  at  lower  edge. 
Ultimate  strength. 


BRICKS. 

No.  1464. 
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MUD  BRICK. 


Shade  2,  from  |  down  the  kiln. 

Total  weight,  6  pounds  4i  ounces=130.6  pounds  per  cubic  foot. 

Length,  8". 30. 

Sectional  area,  2".48X4".07=10.09  square  inches. 

Gauged  length,  5". 


Applied  loadjj. 

I  Per  square 
inch. 

I 


Total 


Pounds. 

1,009 

2.018 

4,086 

6,054 

8,072 

10.090 

12,106 

14.126 

16, 144 

18, 162 

20,180 

24,216 

28,262 

30.270 

84.806 
88,842 
40,860 
44,896 
48,432 
60,450 
54,486 
58,522 
60,540 
64.576 
68,612 
70,630 

105.100 


Pounds. 

100 

200 

400 

600 

800 

1.000 

1,200 

1,400 

1.600 

1,800 

2,000 

2,400 

2.800 

8,000 

8,400 
3,800 
4,000 
4,400 
4,800 
5.000 
5,400 
5,800 
6.000 
6,400 
6,800 
7. 000 

10,420 


111  gauged  length. 


Compres- 
(don. 


Inch. 

0. 

0. 

.0001 
.0003 
.0006 
.0006 
.0010 
.0012 
.0014 
.0016 
.0010 
.0022 
.0027 
.0029 

.0034 
.0039 
.0042 
.0045 
.0060 
.0062 
.0066 
.0061 
.0068 
.0068 
.0073 
.0076 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


.0001 


.0002 


.0002 


.0002 


.0002 
.'6662' 


Remarks. 


Initial  load. 


E  (1,000-^,000)  »  5.263.000  pounds  per  square 

inch. 
Snapping  sounds. 
Comer  spawled  off. 


£  (1.000-7.000)  =  4,545,000  pounds  per  square 

inch. 
Ultimate  strength. 
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BBIOKS. 
No.  1466. 


MUD  BRICK. 


Shade  03,  from  bottom  of  kiln. 

Total  weight,  6  pounds  4i  ounces  =  126.4  pounds  per  cubic  foot 

Length,  8".26. 

Sectional  area:  2".61  X  4'M5=  10.42  square  inches. 

Gauged  length,  5". 


Applied  loadfl. 

In  gauged  length. 

Remarks. 

Total. 

Pertquare 
inch. 

Gompret- 
sion. 

Set. 

Ptrnndt. 

1,042 

2^084 

4,168 

6,252 

8,386 

10,420 

12,604 

14.688 

16,672 

18,766 

20,840 

25,008 

29,176 

81,260 

36,428 
29,  dm 
41,680 
46.848 
60,016 
52,100 
66,268 
60,436 
62,600 
66,688 
70,866 
72,940 
77,108 
81,276 
83,860 

113,800 

PwndB, 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2.400 

2,800 

8,000 

8,400 
8,800 
4^000 
4,400 
4,800 
6,000 
6,400 
6,800 
6,000 
6.400 
^800 
7,000 
7,400 
7,800 
8,000 

10,870 

Inch, 

0. 
.0001 
.0002 
.0004 
.0007 
.0009 
.0010 
.0012 
.0016 
.0017 
.0019 
.0028 
.0029 
.0061 

.0086 
.0041 
.0044 
.0049 
.0054 
.0067 
.0062 
.0068 

.uu;o 

.0076 
.0080 
.0084 
.0089 
.0094 
.0098 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

E  (1,000- 3.000) »  4,646,000  pounds  per  square 
inch. 

E  (1,000-8,000)  =3  3,977,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 

0. 

0. 

0. 

.0001 

.0001 

BBIOKS. 
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SLATE-SLABS,  CUBES,  AND  ROOFING. 


MATERIAL  FURNISHED  BY  THE  MATHEWS  CONSOLIDATED  SLATE  COMPANY, 

BOSTON,  MASS. 
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SLATK — SLABS.  OUBES.   AND   HOOFING. 
Chemical  cmalyses. 


857 


Marka. 

Color. 

Silica. 

Oxide  of 
iron. 

Alumina. 

Lime. 

;Oxide  of 

VkBg- 

neaium. 

Carbon 
dioxide. 

1 

2 

8 

4 

5 

Purple 

61.75 
61.61 
70.20 
67.00 
60.12 

7.06 
6.70 
4.86 
8.97 
8.00 

18.81 
19.56 
17.66 
24.28 
25.74 

2.00 
2.83 

Trace. 

Trace. 

Trace. 

8.05 
8.85 
Trace. 
2.05 
2.76 

7.84 
5.95 
8.22 
8.48 
8.89 

Oreen 

Red 

Red 

Green 

C!OMPBE88ION  TeSTS  OF  SlABS. 


Dimenaionfl. 

Ultimate 
atrength. 

No.  of 
teat. 

Marka. 

Color. 

Sec- 
tional 

Fracture. 

Height. 

Compreaaed 
Burface. 

area. 

Total. 

Per 
aquare 
inch. 

Inehig. 

Indu». 

Int. 

^^- 

PoumU. 

PoundM. 

12,011 

2B 

Green  . 

80.05 

12.00 

2.02 

429,000 

17,700 

Cruahed  at  one  end  and 

12,012 

2B 

....do.. 

90.06 

11.99 

2.02 

24.22 

168,000 

6,940 

aplit  longitudinally. 
Split  along  a  falaejobit 

at  middle  of  height. 
Cruahed  at  one  end. 

12,018 

2B 

....do.. 

80.00 

12.00 

1.96 

28.76 

889,000 

16,870 

12,014 

7C 

Purple. 

80.05 

12.01 

1.96 

28.78 

255,800 

10,760 

Cruahed  at  one  end  and 
aplit  longitudinally. 

12,015 

7C 

....do.. 

80.06 

12.00 

2.00 

24.00 

279,000 

11.680 

Do. 

12,016 

7C 

....do.. 

80.08 

12.01 

2.01 

24.14 

840,500 

14,110 

Cruahed  at  middle  of 

height 
Cruahed  near  end,  aplit 

12,017 

6B 

Red... 

80.06 

11.99 

1.98 

23.14 

806,000 

13,220 

longitudinally. 

12,018 

6B 

....do.. 

90.05 

12.00 

1.97 

23.64 

205,000 

8,670 

Cruahed  at  end,  aplit 
longitudinally. 

12,019 

6B 

....do.. 

80.06 

12.00 

1.96 

28.  K2 

265,400 

11.280 

Cruahed  at   end    and 
aplit  longitudinally. 
Obligue  ciack  near 
middle. 
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SLATE SLABS,  CUBES,  AND   BOOFINO. 

Test  No.  12020. 
CoBiPBESSioN  Tests  of  Cubes. 


Marka. 

Color. 

How  tested. 

Dimensions. 

Sec- 
tional 
area. 

Ultimate  stien^tli. 

Height. 

Compressed 
surface. 

Total. 

Per       ! 
square    ' 
Tnch.     1 

lA 
lA 
lA 
lA 
lA 
-   lA 

2A 
2A 
2A 
2A 
2A 
2Aa 

8A 
8A 
8A 
8A 
3A 
8A 

5A 
5A 
5A 
5A 
5A 
5A 

6A 
6A 
6A 
6A 
6A 
6A 

Purple 

do 

On  bed 

Jnehe$. 
8.99 
8.96 
4.00 
8.99 
4.00 
3.98 

4.10 
4.09 
4.07 
8.97 
8.99 
8.98 

4.05 
4.08 
4.09 
4.15 
4.01 
4.12 

4.00 
8.99 
3.99 
4.00 
4.00 
400 

4.00 
8.98 
8.97 
4.00 
4.01 
4.00 

Inches. 
4.00 
4.00 
8.97 
8.96 
8.99 
8.95 

4.00 
4.01 
4.00 
4.00 
4.00 
4.00 

3.80 
396 
4.02 
4.08 
4.03 
4.01 

4.00 
4.00 
4.00 
4.02 
4.00 
4.00 

4.00 
4.00 
4.00 
4.02 
4.02 
4.01 

Inchet, 
4.00 
395 
4.00 
8.99 
8.99 
4.00 

4.01 
4.00 
4.00 
4.07 
4.06 
4.05 

8.99 
8.97 
4.01 
4.00 
4.07 
4.00 

4.00 
4.00 
4.00 
8.99 
4.00 
4.03 

4.01 
4.00 
4.01 
8.97 
8.98 
3.95 

Sq.ifU. 

16.00 

15.80 

15.88 

15.80 

15.92 

15.80 

16.04 
16.04 
16.00 
16.28 
16.24 
16.20 

16.16 
15.72 
16.12 
16.12 
16.40 
16.04 

16.00 
16.00 
16.00 
16.04 
16.00 
16.12 

16.04 
16.00 
16.04 
15.96 
16.00 
15.84 

Poundt. 
421,000 
440,000 
453,000 
494,000 
504,000 
432,000 

895,800 
853,000 
874.600 
409,000 
400.500 
327,000 

421.600 
455.000 
474,000 
255,000 
269.900 
259,500 

819,000 
848,800 
820.500 
227.500 
299.600 
270,000 

439,600 
882,800 
421.000 
884.000 
349,500 
869,000 

Pounds. 
26.310 
27,850 
28.580 
81.270 

S'SS 
27,970 

24,680 
22.010 
23,410 
25,120 
24.660 
20.190 

27,800 
28.940 
29,400 
15.820 
16.460 
16,180 

19.940 
21,490 

20,090 
14.180 
18.780 
16,750 

27.400 
23.990 
26.260 
20.990 
21.840 
28,800 

do 

do 

do 

do 

do 

Ouedge 

do 

do 

do 

Green 

do 

do 

do 

do 

On  bed 

do 

do 

On  edge 

do 

do 

do 

Red 

On  bed 

do 

....do 

do 

do 

do 

do 

do 

On  edge 

do 

do 

Oreen 

do 

On  bed 

do 

do 

do 

do 

do 

do 

On  edge 

do 

do 

Red 

On  bed 

do 

do 

do 

..  ..do 

do 

do 

Oned^e 

do 

:::;:do:::::::: 

do 

a  Compressed  surface  not  flat. 
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8LATB— SLABS,  CUBES,  AlTD  BOOPIKO. 

Details  or  Trakstebse  Tests. 

GREEN  TREAD,  20,  FKST  SAMPLE. 

Aj>plied  loads. 

Modulua        ^fl«^    I  «      ^ 

Tbtal        of  rupture  I      "<»»*•     '  BemMki. 

per  aq uftre 
inch. 

^     I  .0*8 

«>    a 

*»    ' .060 

^50     072 

»     0. 

•*^;  109 

H ;:::::::::::      :}S 
^  ::::::::::::     o;'- 

^^     '  .170 

i.iw    So 

l.iVx>  ^s*«     I 

•^^  -..::::;:: ; 

J.i^V  :.<»     .....W'.WW"   nUmateBtrenfth. 

(wREKX  lkf.,ii*.  ,i;  >■:        ^'i  :-iiVrLK. 

*^^  '  ^        O^ 

-  ::::::::::r     ^^"  ^  i  ^ 

»w     -^-^ 
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BLATE SLABS,   CUBES,    AND   ROOFING. 

Details  of  Transyebse  Tests — Continued. 

GREEN  TREAD,  2C.  THIRD  SAMPLE. 
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Applied  loads. 

Deflec- 
Uons. 

RemArkfl. 

T.tal. 

Modulus 
of  rupture 

Pound$. 

50 
250 

50 
460 

50 
650 

60 
850 

50 

1,260 
50 

1,460 
50 

1,660 

Poundt. 

Inch. 
0. 

.049 
0. 

.090 
0. 

.131 
0. 

.171 
0. 

.214 

Initial  load. 

Ultimate  strength.    Sustained  the  maximum  load  4  min- 
utes, then  fractured. 

.256 

.296 

10,100 

RED  TREAD,  6D,  FIRST  SAMPLE. 


1 

AlrpUed  loadjt. 

tlOTIfl. 

Hemarkn. 

TnUd. 

ModulUJi 
of  rupture 
per  sqtmro 

^PI^H 

1). 
.042 

0, 

.iif> 

AftS 

InlUaL  InktL 

K 

W[y  TR^AD,  m,  SBOOKD  UAMPI.K, 


Rmnarkji. 
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SLATE — SLABS,  OUBES,  AND   BOOFIKO. 

Details  of  Transverse  Tests. 

GREEN  TREAD,  2C.  FIRST  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

• 

Total. 

Modulus 
of  rupture 

Pounds. 

50 
100 
160 
200 
250 

60 
800 
360 
400 
450 

60 
500 
550 
600 
650 

60 
700 
760 
800 
860 

60 

900 

960 

1,000 

1,050 

60 
1.100 

Pwinds. 

Inch, 

0. 

.012 
.024 
.066 
.048 

0. 
.060 
.072 
.084 
.097 

0. 
.109 
.120 
.132 
.146 

0. 
.150 
.170 
.182 
.194 

0. 
.207 
.218 
.230 
.244 

Initial  load. 
Ultimate  stxength. 

7,425 

GREEN  TREAD.  2C,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

per  square 

inch. 

Pounds. 

50 

250 

60 

450 

50 

650 

60 

850 

50 

1,060 

60 

1.260 

1.460 

1.630 

Pounds. 

Inch. 
0. 

.055 
0. 

.111 
0. 

.162 
0. 

.214 
.0. 

.263 
0. 

.310 

.365 

Initial  load. 
UUimatc  stren^h. 

11,230 

BLATE SLABS,   CUBES,    AND   BOOFING. 

DetaHiS  of  Transverse  Tests — Continued. 

GREEN  TREAD,  2C,  THIRD  SAMPLE. 
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Applied  loads. 

Deflec- 

tiOM. 

RemArkfl. 

T)tal. 

Modnliu 

of  rupture 

per  square 

inch. 

Pound*. 

60 
2S0 

60 
460 

60 
660 

60 
850 

60 

''^ 

1,260 
60 

1,460 
60 

1,660 

Pound*. 

Inch. 
0. 

.049 
0. 

.090 
0. 

.131 
0. 

.171 
0. 

.214 

Initial  load. 

Ultimate  strength.    Sustained  the  maximum  load  4  min- 
utes, then  fractured. 

.266 

.296 

10,100 

RED  TREAD,  6D,  FIRST  SAMPLE. 


AppUed  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pound*. 

50 
250 

60 
450 

50 
660 

50 
850 

50 
1,090 

Pound*. 

Inch. 
0. 

.012 
0. 

.081 
0. 

.125 
0. 

.168 
0. 

Initial  load. 
Ultimate  strength. 

6,430 

RED  TREAD,  6D,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pound*. 

60 
260 

60 
150 

50 
650 

60 
860 

60 

1,260 

60 

1,864 

Pound*. 

Inch. 
0. 

.040 
0. 

.079 
0. 

.118 
0. 

.166 
0. 

.194 
0. 

.282 
0. 

Initial  load. 
Ultimate  strength. 

8,190 

862  SLATE SLABS,  CUBES,  AND   BOOFING. 

Details  of  Transverse  Tests — Continued. 

RED  TREAD,  6D.  THIRD  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pound*. 

60 

250 

60 

460 

60 

660 

60 

860 

60 

1,060 

60 

1,260 

60 

1,486 

Pound*. 

Inch. 
0. 

.040 
0. 

.081 
0. 

.128 

Initial  load. 
Ultimate  strength. 

.166 

.209 
0. 
.262 

9,140 

PURPLE  TREAD,  7D,  FIRST  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pound*. 
<             60 
260 
50 
460 
60 
660 

Pound*. 

Inch. 
0. 
.046 

Initial  load. 
Ultimate  strength. 

.087 

.127 

'              60 

860 

60 
1,060 

60 
1,260 

60 
1,460 

60 

.167 

.210 

.253 

.295 
0. 

1,566 

9,580 

PURPLE  TREAD.  7D,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pound*. 

60 
260 

60 
460 

60 
660 

60 
850 

60 
1,060 

Pound*. 

Inch. 
0. 

.062 
0. 

.108 
0. 

.154 
0. 

.205 
0. 

Initial  load. 
Ultimate  strength. 

6,800 

BLATE SLABS,  CUBES,  AND   ROOFING. 

Test  No.  12023. 
Compression  Tests  of  Slabs. 
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X 


J    <- 


(;r££N  slab. 


Mfl.rk«  2D. 

Dimensions,  12".01xl".  96x60". 
Sectional  area,  23.54  square  inches. 
Gauged  length,  30". 


AppUed  loads. 

Remarks. 

Total. 

Peraquare 
inch. 

Compres- 
sion. 

Set. 

Ftmndt. 
2,854 
4,706 
9,416 
14,124 
18,882 
28,640 
47.080 
70,620 
H160 
117,700 

190,800 

Poundt. 

100 

200 

400 

600 

800 

1,000 

2.000 

8.000 

4.000 

6,000 

8,110 

Inch. 
0. 

.0002 

.0007 

.0012 

.0017 

.0028 

.0044 

.0066 

.0088 

.0109 



Inch. 
0. 

Initial  load. 

Opened  seam  along  cleavage  planes  near  one 

end  of  slab. 
E  (1.000-6,000) =13,95.3.000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 

Seams  at  end  gmdually  opened,  finally  splitting  longitudinally  the 
full  length  of  the  slab. 


OBEEN   SLAB. 


Marks  2C. 

Dimension's,  12".01xl".97x60". 
Sectional  area,  23.66  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pound*. 

2,866 

4,782 

9.464 

14,196 

18,928 

28,660 

47,820 

70,960 

94,640 

118.800 

219,000 

PoundB. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

6.000 

9,2B0 

Inch. 

0. 
.0002 
.0007 
.0012 
.0017 
.0022 
.0043 
.0064 
.0085 
.0107 

Inch. 
0. 

Initlalload. 

Opened  seam  at  one  end  along  cleavage  planes. 
£  (1,000-6,000) —14,286,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
.0001 

Crushed  at  ends  and  split  longitudinally  from  end  to  end. 
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SLATE — SLABS,  CUBES,  AND   BOOFING. 
GBEEN  SLAB. 


Marks,  2C. 

Dimensions,  12"  X 1".  98  X  60". 
Sectional  area,  23.76  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Bemarki. 

Total. 

Persqiiare 
inch. 

Compres- 
■ion. 

Set. 

Pounds. 

2,876 

4,762 

9,604 

14,266 

19,006 

23,760 

47,620 

71,280 

96,040 

206,000 

P&unds. 

100 

200 

400 

600 

800 

1.000 

2,000 

8,000 

4,000 

8,680 

Inch. 

0. 

.0006 
.0006 

.0014 
.0019  . 

.0048 
.0068 

.0088 

Inch. 
0. 

Initial  load. 

E  a.000^.000)  =  16,000,000  poonds  per  aqumre 

inch. 
Ultimate  strength. 

6. 
0. 
0. 
0. 

RED  SLAB. 


Marks,  6D. 

Dimensions,  12"  X  2".04  X  60".03. 
Sectional  area,  24.48  square  inches. 
Gauged  length,  30". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,448 

4,896 

9,792 

14,688 

19,684 

24,480 

48,960 

78,440 

97,920 

122,400 

146,880 

171,860 

267,000 

Pounds. 

100 

200 

400 

600 

800 

1.000 

2,000 

3,000 

4,000 

6,000 

6,000 

7)000 

10,910 

Inch. 

0. 

.0001 
.0004 

.0007 
.0010 
.0018 

10049 
.0066 
.0066 
.0106 
.0124 

Inch. 
0. 

IniUal  load. 

E  (1,000-7.000)  =  16.216,000  pounds  per  nquare 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

SLATE — BLABSf  CUBES,  AND   BOOFXNG. 
BED  SLAB. 

Marks,  6C. 

Dimensions,  12"Xl".99x60".06. 
Sectional  area,  23.88  square  inches. 
Gauged  length,  dff'. 
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AppUed  lowb. 

In  ganged  length. 

Remarks. 

ToUl. 

PertquAre 
inch. 

Compres- 
don. 

Set 

Awndf. 

2,888 

4,776 

9^662 

14^828 

19,104 

28,880 

47,760 

71,640 

95,520 

U9,400 

148,280 

160,000 
219,000 

Pwmdt. 

100 

200 

400 

600 

800 

1,000 

2;  000 

8,000 

4,000 

6,000 

6,000 

6.280 
9,170 

0. 

.0001 
.0005 

.0010 
.0014 
.0020 
.0040 
.0060 
.0080 
.0101 
.0128 

Inch. 
0. 

Initialload. 

E  (1,000-6,000)^14,568,000  pounds  per  square 

inch. 
Longitudinal  seams  opened. 
Ultimate  strength. 

0. 

0. 

0. 

.0001 
.0001 
.0005 

Sustained  the  maximum  load  3  minutes  and  then  fractured  by 
crushing  at  a  place  16  inches  from  the  end  of  the  slab,  and  splitting 
longituSnally. 

RED  SLAB. 

Marks,  6C. 

Dimensions,  12"Xl".96X60". 
Sectional  area,  23.40  square  inches. 
Gauged  length,  30". 


AppUed  lowls. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Bet. 

iVmadt. 

2.810 

4,680 

9,800 

14,010 

18.720 

28.400 

46.800 

70,200 

96,600 

117,000 

135,800 

Found: 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

5,000 

5,800 

Inch, 

0. 
.0002 
.0006 

.0010 
.0016 
.0019 
.0088 
.0057 

.oon 

.0105 

Inch, 
0. 

Initialload. 

Longitudinal  seam  raened. 

£  (1,000-6,000)  a  14,118,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 

.0001 
.0001 
.0001 

Crushed  atone  end  and  split  longitudinally. 
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SLATE — SLABS,  CUBES,  AND    BOOFINO. 


PUBFLE  SLAB. 


Marks,  7C. 

Dimensions,  12".01x2"x60".05. 
Sectional  area,  24.02  square  inches. 
Gauged  length,  30". 


AppUed  loAdii. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,402 
4804 
9,006 
14,412 
19,216 
24,020 
48,040 
72,060 
96,060 

220,100 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2000 

8,000 

4,000 

9,540 

Inch. 

0. 

.0002 
.0005 
.0009 
.0018 
.0015 
.0035 
.0054 
.0072 

Inch. 
0. 

Initial  load. 

Opened  longitudinal  crack. 

£  (1.000-4.000)  =>  16,667,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 
.0002 
.0006 

FUBFLE  SLAB. 


Marks,  7C. 

Dimensions,  12"X2".03X60';.04. 
Sectional  area,  24.36  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds. 
2,436 
4,872 
9,744 
14,616 
19,488 
24,860 
48,720 
73,080 

97,440 
121,800 
237,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 
5,000 
9,730 

Inch. 

0. 
.0003 
.0007 
.0013 
.0015 
.0019 
.0085 
.0066 

.0073 
.0100 

Inch. 
0. 

Initial  load. 

£  (1,00(^.000) » 19,855,000  pounds  per  square 
inch. 

Ultimate  Ktrength. 

.0005 
.0005 
.0011 

.0015 
.0010 

CEMENT. 
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OEliEl^T. 


869 


OEMEVT. 

COMPRESSION  TESTS  OF  4^INCH  CUBES  OF  DIFFERENT  BRANDS  OF 

NEAT  CEMENT. 

Alpha  Cement,  Neat. 

Water  used  in  mhdng,  25  per  cent. 
Set  in  air. 


Age. 

Bimenaioiu. 

Sec- 
tional 
area. 

Fint 
crack. 

.  Compressive  strength. 

Height. 

face. 

Total. 

Per 
square 
inch. 

Mean. 

7 
7 
7 
7 

Jfo«. 

If%ehe$. 
4.10 
4.00 
4.02 
4.06 
4.12 

4.00 
8.99 
4.06 
4.00 
4.06 

4.06 
4.07 
4.01 
4.06 

Inehea. 
4.01 
4.06 
4.00 
4.02 
4.00 

4.04 
4.06 
4.02 
4.07 
3.96 

3.98 
4.01 
8.99 
4.00 

Inchea. 
3.92 
3.97 
4.00 
4.00 
4.01 

4.00 
4.01 
3.»7 
4.00 
4.00 

4.00 
3.96 
4.00 
8.99 

Sq.intAea. 
16.72 
16.00 
16.00 
16.06 
16.04 

16.16 
16.24 
16.96 
16.28 
16.92 

16.92 
16.88 
16.96 
16.96 

P&unda. 
87,800 
91,000 
97,000 
89.900 

101,600 

"ii4,'666*' 

101.000 

Pounds. 
89.700 
93.600 
98,900 
95.600 
102.600 

117,600 
116,000 
106,600 
123.000 
129,100 

181,100 
143,200 
128,400 
143,700 

Pounds. 
6,706 
6,860 
6,181 
6.939 
6,390 

7,271 
7,148 
6,610 
7,666 
8,109 

8.236* 
9,018 
8,045 
9,004 

Pounds. 

6,010 

7,840 

8,660 

Atlas  Cement,  Neat. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 
7 

Mo$. 

Inches. 
4.03 
3.99 
4.00 
4.02 
3.96 

8.97 
4.00 
4.00 
8.98 
4.00 

8.96 

z.m 

8.98 
8.96 

Inches. 
8.98 
4.10 
4.06 
8.98 
4.06 

4.06 
4.03 
4.01 
4.05 
4.06 

4.07 
4.09 
4.03 
4.03 

Inches. 
4.06 
4.09 
4.09 
4.06 
4.04 

4.03 
4.09 
4.00 
4.10 
4.00 

4.01 
3.99 
8.99 
4.00 

Sq.  inches. 
16.24 
16.77 
16.56 
16.12 
16.86 

16.24 
16.48 
16.04 
16.61 
16.24 

16.82 
16.82 
16.06 
16.12 

Pounds. 

Pounds. 
67.200 
66,700 
66.600 
60.800 
66,100 

89.800 
88.800 
88.200 
89,100 
88,000 

96,600 
96,400 
96,800 
•4,000 

Pounds. 
8,620 
3.380 
3,410 
3,710 
3.490 

6,530 
6,360 
5,190 
6.860 
6,420 

6,850 
6,850 
6,960 
5880 

Pountis. 

3,490 

6,870 

88,800 

6,870 

H.  Doc.  885 ^ 


370  CEMENT. 

Lehigh  Cement,  Neat. 

FIRST  SERIES. 

Water  used  in  mixing,  26.8  per  cent. 
Set  in  air. 


Age. 


Days. 
7 
7 
7 
7 


Mos. 


Dimensions. 

Height. 



Inches. 

Ckimpressed  sur- 
face. 

Inches. 

Inches. 

4.02 

4.07 

8;  95 

4.02 

4.01 

4.10 

4.09 

4.01 

4.02 

4.07 

4.01 

4.04 

4.14 

4.00 

3.99 

4.10 

4.02 

3.99 

4.03 

3.94 

4.08 

4.04 

4.01 

4.00 

4.03 

4.05 

4.00 

4.05 

4.08 

4.00 

4-00 

4.05 

4.00 

Sec- 
tional 
area. 

First 
crack. 

Ck>mpreaiiYe  strength. 

Total. 

Per 
square 
inch. 

t 
Mean. 

Pounds. 

Sq.inches. 
16.08 
16.44 
16.12 
16.20 

15.96 
16.04 
15.88 

Pounds. 

Pounds.      Pounds. 
69,900          4,847 
67,300          4,097 
68,000          4.218 

72,400 

89,900 
95,600 
87,900 
84,100 

103,500 

4,469 

5,SS3 
5,954 
5.535 

4,280 

87,000 
93,800 
87.900 

16.04          84,100 

16.20          97,600 
16.32          97,600 
16.20         105,000 

I 

5,243 
6.889 

b,h90 

97,600          5,980 
106,300          6,562 

6.310 

Lehigh  Cement,  Neat. 

SECOND   series. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area,     i 

1 

First 
crack. 

Pounds. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Pounds. 
91,500 
79,900 
99.600 

102,100 

99,500 
96,100 
104,600 
89,700 

118,100 
113.000 
110,000 
118,600 
116,200 

Per 
1   square 
1     inch. 

Mean. 

Days. 

7 
7 
7 

Months. 

1 

1 
1 
1 

3 
3 
3 
3 

Inches. 
4.04 
4.16 
3.99 
4.05 

3.99 
3.99 
3.99 
4.00 

4.00 
3.99 
3.96 
3.96 
4.00 

Inches. 
3.98 
3.97 
4.07 
3.98 

4.10 

Inches. 
4.02 
4.03 
4.08 
4.06 

3.96 

Sq.inches.] 
16.00    ' 
16.00 
16.40    1 
16.16    ' 

16.24    , 
16.82 
16.24 
16.20    ! 

16.24    , 
16.60    1 
16.36 
16.24 
16.32 

Pounds. 
6,720 
4,990 
6,070 
6,320 

6,130 
6,830 
6,440 
5.540 

7.270 
6,810 
6,720 
6.990 
7,120 

Pounds.  ' 

5,780 

4.10          3.98 
4.06          4.00 

4.05  4.00 

4.06  1      4.00 

70.000 

81,700 

117,000 
102.000 
103.000 
113,fi00 
115,000 

5.990    1 

4.10 
4.10 
4.01 
4.06 

4.05 
3.99 
4.05 
4.02 

6,980 

1 

CEMENT. 

Stab  Portland  Cement,  Neat, 
with  plaster. 
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Water  used  in  mixing,  22i  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

Sti.  inches. 
16.48 
16.16 
15.88 
15.56 

15.28 
15.80 
16.00 
15.44 

16.16 
15.92 
16.00 
16.04 

First 
crack. 

CompressiTe  strength. 

Height 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 

MorUhs. 




1 
1 
1 
1 

3 
3 
8 
3 

Inches. 
3.98 
3.99 
4.01 
4.00 

4.00 
4.00 
4.00 
4.01 

3.98 
4.07 
4.06 
4.07 

Indies. 
4.04 
4.04 
3.97 
3.98 

4.02 
4.05 
3.99 
4.00 

4.01 
8.99 
8.98 
8.99 

Inches. 
4.03 
4.00 
4.00 
3.91 

3.80 
3.90 
4.01 
8.86 

4.03 
3.99 
4.02 
4.02 

Pounds. 

Pounds. 
100,100 
101,200 
87,000 
93,700 

102,200 
113,100 
120,600 
107,300 

140,800 
119,900 
131,400 
132,000 

Pounds. 
6,074 
6,262 
5,479 
6,022 

6,688 
7,158 
7,538 
6,949 

8,713 
7,531 
8,213 

8,229 

Pounds. 

79,000 

5,960 

102,200 
100,200 
120,600 
101,500 

140,800 
119,900 
131,400 
132,000 

7,080 



8,170 

Star  Portland  Cement,  Neat, 
with  plaster. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

1 

Sec- 
tional 
1     area. 

First 
crack. 

I'rmuds. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Inches.     Inches. 
3.98          4.07 
4.06           4.  OK 

Total. 

I*ounds. 
101,300 
106.200 
102,300 
105,000 

106,800 
110, 100 
106.500 
111,900 

131,500 
184.100 
132,200 
131,000 

Per 
square 
inch. 

Mean. 
Pounds. 

Days. 

7 
7 
7 

MoiUhs. 

1 

1 
1 
1 

3 
8 
3 
3 

Inches. 
4.08 
8.99 
4.00 
4.02 

4.02 
4.02 
4.04 
4.01 

4.02 
3.99 
4.02 
4.04 

*/.  incfies. 

1      16.20 
16.56 
16.32 
16.40 

15.92 

16.28 

,       16.16 

'       16. 16 

10.12 
16.36 
16. 12 
16.08 

Pounds. 
6,254 
6,367 
6,268 
6,403 

6,709 
6,763 
6,590 
6.925 

8,157 
8,197 
8,201 
8,147 

4.00 
4.00 

3.98 
8.98 
3.97 
4.00 

8.96 
4.06 
8.97 
3.96 

4.08 
4.10 

4.00 
4.09 
4.07 
4.04 

4.07 
4.03 
4.06 
4.06 

6,320 

6,760 

V2i,900 

i25,i66 

8,180 

372 


CEMENT. 

Stab  Pobtlaki>  Cement,  Neat. 

WITH  FLA8TEB. 


Water  used  in  mixing,  30  per  cent 
Set  in  air. 


DimendonB. 

Sec- 
tional 
area. 

Flwt 
ontck. 

Compreniye  gtrength. 

Age. 

Height. 

CompreflBed  sur- 
face. 

Total. 

Per 
incD. 

Mean. 

Day$. 

8 
8 
8 

MorUkt. 

1 
1 
1 

1 

8 
8 
8 
8 

Ineha. 
8.96 
8.96 
4.09 
3.97 

4.04 
4.02 
4.00 
8.97 

3.96 
4.00 
4.00 
4.01 

Inehet. 
4.05 
4.01 
8.98 
4.06 

3.97 
4.00 
4.00 
4.01 

4.01 
3.96 
4.02 
3.99 

/ncAei. 
4.19 
4.18 
4.20 
4.18 

4.06 
4.18 
4.11 
4.06 

4.12 
4.10 
4.09 
4.09 

Sq.iiuAet. 
16.97 
16.76 
16.72 
16.97 

16.20 
16.72 
16.44 
16.36 

16.62 
16.24 
16.44 
16.32 

Pounds. 

Pounds. 
106,800 
105.700 
99,100 
116,200 

109,600 
116,000 
112,000 
112,900 

126,200 
126,000 
133,200 
120,500 

Pounds, 
6,298 
6,807 
5.927 
6,848 

6,759 
6988 
6818 
6,901 

7,689 
7,769 
8,102 
7,884 

Pumnds. 

96,000 
108,400 

62,000 
76,000 
104,000 

102,000 
106,000 
103.000 
76,000 

"iiio" 

"'"taeo* 

7,720 

Star  Portland  Cement.    Neat. 
without  plaster. 


Water  used  in  mixing,  22i  per  cent. 
Set  in  air. 


Age. 

Dimeniiions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

CompreflBed  sur- 
face. 

ToUl. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 

Months. 

1 

1 
1 

1 

8 
8 
3 
8 

Inches. 
4.05 
8.97 
3.96 
3.95 

3.97 
3.97 
4.01 
3.98 

4.04 
4.02 
4.02 
4.00 

Inches. 
4.00 
4.03 
4.00 
4.06 

4.08 
4.02 
4.00 
4.01 

3.96 
8.97 
3.97 
3.96 

Inches. 
4.10 
4.15 
4.15 
4.16 

4.10 
4.06 
4.10 
4.07 

4.10 
4.10 
4.13 
4.10 

Sq.  inches. 
16.40 
16.72 
16.60 
16.89 

16.52 
16.40 
16.40 
16.82 

16.24 
16.28 
16.40 
16.24 

Pounds. 

Pounds. 
69,200 
75,800 
80,100 
82,700 

82,600 
77,200 
88,400 
92,000 

98,800 
97,600 
92,200 
108,100 

Pounds. 
4,220 
4;  583 
4,825 
4,896 

4.994 
4,707 
5,890 
5,637 

'  5,746 
5,996 
6,622 
6.849 

Pounds. 

4,620 

82,500 
77,200 
77,400 
92,000 

98,800 
97,600 
92,200 
108,100 

'■  M»'* 

"5:986" 

OEHENT. 

Stab  Pobtland  Cement.    Neat. 

WITHOUT  PLASTER. 


878 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

DlmentionB. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height 

Compreased  mir- 
face. 

Total. 

Per 

square 

Inch. 

Mean. 

7 
7 
7 

MorUkt. 
8 

Incha, 
8.99 

4.00 
8.99 
4.01 

4.00 
4.07 
4.01 
4.08 

4.06 
4.09 
4.06 
4.00 

Inehet. 
4.07 
4.05 
4.02 
4.09 

4.04 
8.99 
4.00 
4.00 

4.02 
4.00 
4.08 
4.05 

Inehex. 
8.99 
4.00 
4.02 
4.08 

4.00 
4.06 
4.02 
4.05 

4.01 
4.08 
8.99 
4.01 

Sq.  ineha, 
16.24 
16.20 
16.16 
16.48 

16.16 
16.20 
16.06 
16.20 

16.12 
16.12 
16.06 
16.24 

Founds. 

PoundM. 
96,800 
86,800 
88,700 
89,800 

99,100 
86,800 
100,100 
100,400 

121,600 
124,500 
125,900 
126,800 

Pimnda. 
5,930 
5,868 
5489 
5.449 

6,182 
5858 
6.225 
6,198 

7,548 
7,728 
7,880 
7,808 

PomuU. 

5,560 

5,980 

106,000 
122,000 
104.000 
89,000 

7,780 

Stab  Pobtijlnd  Cement,  Neat. 

WITHOUT  FLASTEB. 


Water  used  in  mixing,  30  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

CompresMd  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

8 
8 
8 

Montht. 

1 
1 
1 
1 

8 
8 
3 
8 

Inehe$. 
8.95 
4.05 
4.06 
4.06 

8.99 
8.99 
8.94 
3.96 

8.98 
8.96 
8.98 
8.97 

Inehea. 
4.02 
8.99 
899 
8.97 

4.08 
4.00 
4.02 
4.05 

4.00 
4.01 
4.01 
4.08 

Inehea. 
4.13 
4.20 
4.19 
4.14 

4.20 
4.15 
4.17 
4.14 

4.07 
4.12 
4.21 
4.11 

Sq.  inehea. 
16.60 
16.76 
16.72 
16.44 

16.98 
16.60 
16.76 
16.77 

16.28 
16.62 
16.88 
16.56 

Pounda. 

Pounda. 
78.100 
83.600 
80,600 
92,060 

89,900 
96,200 
98,400 
97,500 

114,000 
U8.200 
109,000 
110,000 

P&anda. 
4,706 
4,988 
4,821 
5,599 

5,810 
5,796 
5,573 
5,814 

7,002 
7,165 
6,457 
6,648 

P^nda. 

64,100 

5,080 

74,000 
91.600 
85.800 
97,000 

99,800 
99,000 
109,000 
107,400 

*6;626"* 

6,810 

374 


CEMENT. 

Whttbhali,  Cement,  Neat. 


Water  used  in  mixing,  26  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength.        ' 

Height. 

Compressed  snr- 
faee. 

Total. 

Per 
square 
inch. 

Mean. 

1 

Days. 


Months. 

1 
1 
1 
1" 
1 

3 
3 
3 
3 

Inches. 
3.95 
4.04 
4.05 
4.04 
4.06 

3.98 
3.98 
4.00 
4.00 
3.97 

3.96 
3.98 
3.96 
3.96 

Inches. 
3.92 
3.94 
3.96 
3  98 

Inches. 
4.04 
3.96 
8.96 

Sq.  inches. 
15.84 
15.60 
15.68 
16.72 
15.64 

16.04 
15.96 
16.06 
16.28 
16.08 

16.04 
16.16 
15.92 
16.12 

Pounds. 

Pounds. 
88,600 
76,100 
89,900 
94,700 
92,400 

108,500 
115,400 
95,300 
102,000 
112,900 

120,500 
190,800 
122,900 
116,800 

Pounds. 
5,598 
4.878 
5,733 
6.024 
6,908 

6,764 
7,231 
5,927 
6,265 
7.021 

7,512 
8,063 
7,720 
7,215 

Pounds. 

88,200 

3.95          3.96 

4.01  4.00 

4.02  3.97 
4.02          4.00 
4.07    i      4.00 

4.02  4.00 

4.04          3.97 

4.04  4.00 

4.03  3.96 

4. 05  1      a.  98 

5.690   I 

85,000 
97,000 

6,640 

7.690 

Alsen  Cement,  Neat. 

Water  used  in  mixing,  29.2  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Inches. 
4.06 
4.06 
3.99 
4.04 
4.01 

8.99 
3.98 
3.99 
4.00 
3.99 

3.97 
3.96 
3.97 
3.99 
3.98 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 
Pounds. 

J)ays. 

Months. 

3 
3 
3 
3 
3 

Inches.     Inches. 
4.09          8-96 

Sq.ineJies. 
16.20 
16.08 
16.48 
16.44 
16.04 

16.52 
16.69 
16.48 
16.48 
16.36 

16.44 
16.52 
16.73 
16.44 
16.44 

Pounds. 

Pounds. 
54,800 
57.700 
57,900 
57,600 
57,400 

81,900 
81,500 
79,600 
82,300 
82.100 

98,500 
85,200 
98,900 
93,700 
88.300 

Pounds. 
3,380 
3.590 
3,480 
3,600 
3,680 

4,960 
4,880 
4.830 
4,990 
5,020 

5,690 
5,160 
5,610 
5,700 
6,870 

4.05 
•4.10 
4.12 
4.03 

3.97 
4.02 
3.99 
3.98 

8,510 

1 
4.06    '      4  07 

4.06 
4.04 
4.03 
4.07 

4.09 
4.08 
4.09 
4.02 

4,940 

4.06    >      4.05 

91,000 

4.06 
4.06 
4.03 
4.04 

4.07 
4.12 
4.08 
4.07 





76,000 

5,510 

CEMENT. 

JossoN  Cement,  Neat. 

Water  used  in  mixing,  26.7  per  cent. 
Set  in  air. 


875 


Age. 

DimendonB. 

Sec- 
tional 
area. 

Fint 
crack. 

CompresslTe  strength. 

Height. 

Ckimpressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months, 

1 
1 
1 
1 
1 

8 
3 
3 
3 
3 

Inches. 
4.00 
4.04 
3.95 
3.99 
4.07 

4.02 
4.05 
4.09 
4.00 
4.06 

4.06 
3.98 
4.06 
4.08 
4.08 

Inches. 
4.10 
4.00 
4.02 
4.04 
4.00 

4.00 
3.99 
3.99 
4.01 
4.00 

4.00 
4.00 

Inches. 
3.91 
4.00 
3.96 
4.00 
4.01 

4.00 
4.00 
3.96 
8.98 
4.00 

4.02 
3.98 

Sq.  inches. 
16.03 
16.00 
15.92 
16.16 
16.04 

16.00 
15.96 
15.80 
15.96 
16.00 

16.08 
15.92 
15.72 
15.92 
15.96 

Pounds. 
39,900 

Pounds. 
45,800 
43,300 
43,200 
44,300 
43.500 

67,800 
64,400 
61,500 
63,500 
64,000 

73,700 
75,100 
76,600 
74,100 
71,800 

Pounds. 
2,860 
2,710 
2,710 
2,740 
2,710 

4,240 
4,040 
3,890 
3.980 
4,000 

4,580 
4,720 
4,870 
4,650 
4,500 

Pounds. 

2,750 

■4,"636  " 

4.01          3.92 
4.00          8.98 
4.00          3.99 

4,660 

Cathedral  Cement,  Neat. 

first  series. 

Water  used  in  mixing,  26.7  per  cent,  i 
Set  in  air. 


Dlmensionii. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Age. 

Height. 

Compreased  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days 

7 
7 

7 

M<mths. 

1 
1 
1 
1 

1 

3 
3 
3 
8 
3 

Inches. 
4.00 
4.00 
3.95 
4.02 
3.95 

3.97 
3.97 
3.96 
3.96 
3.96 

3.97 
3.96 
3.99 

Inches. 
4.03 
3.96 
4.04 
4.07 
4.01 

4.01 
4.W 
4.05 
4.01 
4.04 

4.06 
4.05 
4.06 
4.00 
4.08 

Inches. 
4.01 
4.02 
4.00 
4.00 
4.02 

3.93 
4.00 
4.08 
4.08 
3.99 

3.99 
4.00 
4.03 
4.00 
8.99 

Sq.  inches. 
16.16 
15.92 
16.16 
16.28 
16.24 

15.88 
16.16 
16.32 
16.86 
16.12 

16.20 
16.20 
16.36 
16.00 
16.08 

IHtunds. 

Pounds. 
36,500 
34,200 
33.640 
35,050 
30,900 

46,100 
48,500 
50,100 
48,700 
47,000 

56.700 
63,900 
60.800 
49,900 
55,900 

Pounds. 
2,260 
2,150 
2.080 
2,150 
1,900 

2,900 
8,000 
3,070 
2,980 
2,920 

3,500 
3.380 
3,720 
3,120 
3,480 

Pounds. 

2,110 

2,970 

3,430 

876 


OEMEirr. 
Cathedral  CsifENT,  Neat. 

SECOND  8BBIE8. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Dimentioiis. 

Sec- 
tional 
area. 

First 
crack. 

Compreasiye  strengtli.        , 

Age. 

Height. 

Comprened  sur- 
face. 

Total. 

Per 
■qnare 
inch. 

Mean. 

Dayi. 

8 
8 
8 
8 

Months. 

Inches. 
4.09 
3.99 
4.10 
4.00 
3.99 

4.06 
4.04 
4.06 
4.09 
4.06 

4.06 
4.09 
4.14 
4.18 

Inches. 
8.99 
4.07 
8.99 
4.07 
4.07 

8.98 
8.98 
8.99 
4.00 
8.99 

3.99 
3.98 
3.99 
3.98 

Inches. 
4.05 
4.10 
8.78 
4.06 
4.07 

4.00 
4.02 
4.03 
4.06 
8.79 

4.01 
4.01 
3.98 
4.02 

Sq.  inches. 
16.16 
16.69 
14.88 
16.52 
16.66 

15.92 
16.00 
16.06 
16.24 
15.12 

16.00 
15.96 
15.88 
16.00 

Pounds. 

Pounds, 
59,900 
66,800 
61,200 
56,600 
67.600 

63,800 
63,400 
69.300 
68,000 
51,000 

76,700 
78.500 
70,100 
67,200 

Pounds. 
8,710 
8,970 
4.110 
8,420 
4,080 

4,010 
8,960 
4,810 
4,190 
8,870 

4,730 
4,610 
4,410 
4,200 

POUMdS. 

*   'i'MO* 

59,800 
58,600 
67,000 

8,970 

75,600 
89,000 
52,000 
64,000 

'"i^iab" 

SnjcA  Cement,  Neat. 

FIBST  SEBIES. 


Water  used  in  mixing,  28i  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompreiBlTe  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
squure 
Inch. 

Mean. 

Days. 

7 

7 
7 
7 

Months. 

1 
1 
1 
1 

1 

3 
3 
3 
3 
3 

12 
12 

Inches. 
4.06 
4.00 
4.08 
8.96 
8.96 

8.96 
3.97 
3.96 
3.98 
4.00 

3.97 
8.99 
8.96 
3.96 
3.96 

3.96 
3.98 

Inches. 
4.00 
4.09 
3.98 
4.08 
4.06 

4.15 
4.02 
4.04 
4.04 
4.18 

4.01 
4.05 
4.06 
4.01 
4.06 

4.03 
4.07 

Inches. 
4.06 
4.08 
4.18 
4.07 
4.10 

4.04 
4.18 
4.07 
4.06 
4.00 

4.10 
4.05 
4.09 
4.18 
4.10 

4.19 
4.10 

Sq.inches. 
16.24 
16.68 
16.44 
16.40 
16.64 

16.77 
16.80 
16.44 
16.40 
16.60 

16.44 
16.40 
16.69 
16.76 
16.61 

16.89 
16.69 

Pounds. 

Pounds. 
19,960 
22,600 
20,900 
19,980 
23.500 

27.100 
80,600 
88,500 
27,900 
29,500 

82,800 
84,100 
84.500 
89,200 
84,500 

83,600 
89,900 

Pounds. 
1,228 
i;365 
1,271 
1,218 
1,412 

1,616 
1,821 
2,068 
1,701 
1,768 

1,995 
2,079 
i067 
2,839 
2.077 

1,990 
2,890 

Pounds. 

1,800 

"i'Tio" 

"iuo" 
"iiio" 

83,600 
89,900 

OEHEKT. 

SnJCA  Cement,  I^eat. 

8EGOKD  8EBIE8. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


877 


Sec- 
tional 
area. 

Flnit 
crack. 

CompreflBive  strength. 

Age. 

Height. 

CompresKd  gur- 
iace. 

Total. 

Per 
square 
inch. 

Mean. 

8 
8 
8 
8 

Months. 

1 

1 
1 
1 

1 

8 
3 
8 
3 

Inches. 
4.00 
4.06 
4.06 
4.02 
8.99 

4.00 
4.00 
4.08 
4.06 
4.07 

4.08 
4.00 
4.06 
8.96 

Inches. 
3.92 
3.99 
4.00 
4.06 
3.96 

4.03 
4.02 
4.01 
4.01 
4.00 

3.98 
4.09 
4.00 
4.05 

Inches. 
4.18 
4.00 
8.96 
3.86 
4.08 

3.96 
4.08 
4.00 
8.98 
4.06 

4.06 
4.08 
4.02 
4.06 

Sq.  inches. 
16.19 
16.96 
15.80 
15.67 
16.24 

16.04 
16.40 
16.04 
15.96 
16.24 

16.12 
16.48 
16.08 
16.44 

Ikmnds. 

Pounds. 
47,100 
58,100 
53,400 
43.600 
46,500 

54.900 
60.600 
65.800 
89,500 
69,400 

76,100 
70,500 
73,600 
70,600 

Pounds. 

8,830 
8,380 
2,780 
2,860 

3,420 
8.700 
4.100 
2.480 
8,660 

4.720 
4,280 
4.580 
4,290 

Pounds. 

3,050 

"'62,'366" 

■"s,'476"' 

66,000 
68,200 
72,500 
70,600 

*"4,"476" 

Austin  Cement,  Neat. 

Water  used  in  mixing,  35.4  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Mimihs. 

1 
1 

1 
1 

1 

3 
8 
8 
3 
3 

Indies. 
3.98 
4.06 
8.98 
4.08 
4.08 

8.97 
3.99 
8.96 
8.96 
8.97 

8.98 
8.96 
8.97 
8.97 
8.96 

Inches. 
4.02 
3.98 
4.04 
4.00 
8.95 

4.06 
4.00 
4.07 
4.06 
4.07 

4.01 
4.07 
4.01 
4.06 
4.06 

Inches. 
4.06 
4.10 
4.06 
4.02 
4.06 

4.14 
4.06 
4.06 
4.10 
4.06 

4.12 
4.01 
4.10 
4.06 
4.10 

Sq.  inches. 
16.82 
16.32 
16.48 
16.08 
16.00 

16.  T7 
16.82 
16.52 
16.65 
16.61 

16.52 
16.32 
16.44 
16.65 
16.65 

Ptmnds. 

Pounds. 
5.960 
5,420 
6,100 
5,480 
6.060 

15.900 
19,400 
18,700 
18,100 
18,500 

23.100 
24.200 
24,900 
27,800 
26,900 

Pounds, 
860 
880 
370 
340 
380 

960 
1,190 
1,180 
i;090 
1,110 

1.400 
1.480 
1,510 
1,640 
1620 

Pounds. 

856 

1,090 

11.100 
10,000 
17,500 
26,200 
25,400 

1.580 

878 


0BME17T. 

Bonneville  Improved  Cement,  Neat. 


Water  used  in  mixing,  38.7  per  cent. 
Set  in  air. 


DixnensioiiB. 

Sec- 
tional 
area. 

Pimt 
crack. 

1 
CompreflBiYe  strength. 

Age. 

Height. 

Ck>mpre88ed  gur- 
face. 

Total. 

Per 

square 
inch. 

1 
Mean. 

Days.  \  Months. 

Inches. 

4  0-2 

Inches. 
3.97 

Inches. 
4.10 
4.08 
4.10 
4.09 
4.05 

4.06 
4.07 
4.10 
4.08 
4.12 

4.08 
4.03 
4.08 
4.06 
4.11 

Sq.  inches. 
16.28 
16.24 
16.32 
16.44 
16.08 

16.56 
16.56 
16.48 
16.16 
16.56 

16.48 
16.36 
16.52 
16.28 
16.65 

Pounds. 

Pounds. 
9.500 
9,600 
10,100 
10.900 
10,500 

19,400 
17,900 
18,500 
18,600 
18,800 

26,300 
24,200 
26.500 
23,900 
27,200 

Pounds. 
583 
585 
619 
663 
653 

1,171 
1,081 
1,123 
1,151 
1,135 

1.596 
1,479 
1,604 
1.468 
1,634 

Pounds. 

7    1 '      4.11          3.98 

7     1 4.08           3.98 

I  1::;::::: 

3.98          4.02 

4.02 

3.99 
3.97 
4.00 
4.00 
3.98 

4.00 
3.96 
3.96 
3.97 
3.98 

3.97 

4.08 
4.07 
4.02 
4.01 
4.02 

4.04 
4.06 
4.05 
4.01 
4.05 

G2D 

3 
8 

1,130 

21,000 
21,500 
20,000 

;      8 

8 

24.100 

1.560 

Hoffman  Cement,  Neat. 


Water  used  in  mixing,  36.2  per  cent. 
Set  in  air. 


Dimensions. 

1 

Sec- 
tional 
area. 

1 

First 
crack. 

Compressive  stre 

Per 
Total.         square 
inch. 

Dgth. 

Mean. 

Age. 

Height. 

Ck>mprca8ed  sur- 
face. 

Days. 

7 
7 
7 
7 

Months. 

Inches. 
4.05 
3.99 
4.00 

Inches. 
3.96 
4.01 
4.09 
4.08 
4.09 

4.00 
4.01 
4.09 

Inches. 
4.05 
3.98 
4.10 
4.08 
4.08 

4.05 
4.05 
4.09 

Sq.  inches. 
16.04 
15.96 
16.77 
16.65 
16.69    1 

16.20    I 
16.24 
16.73    1 
16.73    ! 
16.20 

16.04 
16.20 
16.28 
16.20 
15.84 

1 

Pounds. 

Pounds. 
7,100 
7,980 
7,600 
7,900 
7,650 

13,600 
12,500 
13,100 
12,900 
12,800 

20,500 
20,500 
19,900 
19,100 
18,800 

Pounds. 
440 
500 
450 
470 
460 

840 
770 
780 
770 
790 

1,280 
1,270 
1,220 
1.180 
1,190 

Pounds. 

4.00 

3.99 

1          4.09 

464 

1    1      4.06 

::::::::!     j' 

4.02 
4.00 
4.06 

4.00 
4.03 
4.04 
4.08 
4.03 

4.11     1      4.07 
3.99    !      4.06 

790 

3 
3 
3 
3 
3 

3.96 
3.99 
4.01 
3.98 
3.95 

4.05 
4.06 
4.06 
4.07 
4.01 

14,900 

1 

1,230 

CEMENT. 

Mankato  Cement,  Neat. 

Water  used  in  mixing,  41.2  per  cent. 
Set  in  air. 


379 


Age. 

Dlxnenfllona. 

Sec- 

UODAl 

area. 

First 
crack. 

Pounds. 

Compn 
Total. 

fMRive  Htre] 

iigth. 
Mean. 

Height. 

CfimpreflBed  sur- 
face. 

Per 

square 
inch. 

Days. 

7 
7 
7 
7 

Mtmihs. 

1 

1 
1 
1 
1 

3 
3 
3 
8 
8 

Inches. 
4.01 
4.02 
8.96 
4.05 
A.Oi 

4.04 
8.97 
3.98 
3.97 
8.99 

3.96 
3.97 
8.98 
3.99 
8.98 

Inches. 
8.96 
3.99 
4.01 
3.99 
8.99 

3.96 
4.02 
4.06 
4.06 
8.99 

4.02 
4.06 

Inches. 
4.02 
4.00 
4.00 
4.00 
4.03 

4.05 
4.01 
4.01 
4.05 
4.02 

4.03 
4.09 

Sq.  inches. 
15.92 
15.96 
16.04 
15.96 
16.08 

16.12 
16.12 
16.28 
16.52 
16.04 

16.20 
16.61 
16.48 
16.61 
16.28 

Pounds. 
9,800 
8,520 
9,190 
9,020 
8,600 

16,500 
16,700 
16,000 
16,300 
17,300 

23,400 
•23,600 
23,800 
23,200 
22,600 

Pounds. 
620 
530 
570 
570 
540 

1.020 

1,040 

980 

990 

1,060 

1,440 
1,420 
1.440 
1,400 
1,390 

I^mruls. 

566 

1,020 

4.02    '      4.10 
4.06    ,      4.09 
4.02     1      4.05 

20,000 

1,420 

Newark  and  Rosendalk  Cement,  Neat. 

Water  used  in  mixing,  38.7  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

I*ouHds. 

Compn 
Totrtl. 

Mwive  stre: 

Per 
Hquare 
inch. 

I'ontuls. 
449 
3H0 
420 
407 
379 

1,1(.0 

99*2 

1.(NLS 

1,131 

1,351 
1,427 
1,455 
1,523 
1,434 

1,530 
1,780 
1,450 

Qgth. 
Mean. 

Height. 

Compressed  sur- 
face. 

Days. 

Months. 

1 
1 

} 

8 
3 
3 
8 
8 

12 
12 

u 

Inches. 
4.02 
4.00 
4.06 
4.03 
3.98 

4.01 
8.98 
4.06 
4.06 

4.08 
4.08 
4.04 
4.05 
-    8.99 

8.98 
8.97 
8.98 

Inches.     Inches. 
3.99          4.05 

Sq.  inches. 
16.16 
16.60 
16.44 
16.08 
16.36 

16.20 
16.64 
16.48 
16.00 

16.36 
16.40 
16.36 
16.48 
16.60 

16.36 
16.48 
16.06 

J'ouwls. 
7,260 
6,300 
6,900 
6.540 
6, -200 

18,800 
16,500 
17,600 
18,100 

22,100 
23,400 
23,800 
•25, 100 
23,800 

24,950 
29,300 
23,800 

Pounds. 

4.11 
3.98 
4.00 

4.04 
4.13 
4.0>i 

■ 

4.02          4.07 
4. 08    <      3. 97 

407 

4.12 
4.15 
4.02 

3.99 
3.98 
4.00 
8.99 
4.05 

8.97 
4.04 
4.00 

4.04 
3.97 
3.98 

4.10 
4.12 
4.09 
4.13 
4.10 

4.12 
4.08 
4.02 

1,090 

22,200 
22,700 
20,400 

1,440 

1 

1 

21,000 

22,800 

1,690 

380 


OEMSNT. 

NoBTox  Cemsnt,  Neat. 


Water  used  in  mixing,  39.6  per  cent. 
Set  in  air. 


Age. 

OimeiurioiM. 

See- 
tional 
area. 

Flnt 
crack. 

OompreadTe  stx«nstlu 

Height 

Comprened  sur- 
face. 

Total. 

Per 

■quale 
Inch. 

1 

Mean,    i 

Days. 

7 
7 
7 
7 

Months. 

Inches. 
4.02 
8.99 
4.08 
8.96 
8.98 

8.97 
8.98 
8.97 
8.97 
8.99 

8.98 
8.99 
8.96 
8.98 
8.96 

Iruihes. 
8.98 
4.02 
8.98 
4.02 
4.04 

4.04 
4.00 
4.03 
4.06 
4.06 

4.05 
4.02 
4.04 
4.04 
4.11 

Inches. 
4.04 
4.07 
4.08 
4.06 
4.09 

4.06 
4.12 
4.05 
4.01 
4.02 

4.02 
4.01 
4.03 
4.06 
4.06 

SQ.tnehes. 
16.08 
16.86 
16.24 
16.82 
16.62 

16.86 
16.48 
16.82 
16.24 
16.82 

16.28 
16.12 
16.28 
16.40 
16.66 

Pounds. 

Pounds. 
7,620 

MS 
6,920 

7,900 

7,920 

15,900 
14,800 
18,700 
18.600 
14,100 

26,100 
27,100 
27,000 
24.200 
23,700 

Pmauis. 
470 
500 
480 
480 
480 

970 
900 

840 
880 
860 

1.600 
1,680 
1,660 
1,480 
1,420 

P&tatds. 



::.:::..,: 

473 

880 

24,800 

"ii'ooo" 

1,670 

Obelisk  Cement,  Neat. 

Water  used  in  mixing,  35.8  per  cent. 
Set  in  air. 


Age. 

Dimensionfl. 

Sec- 
tional 
area. 

Tint 
crack. 

OompreflriTe  strength. 

Height. 

CompreflBed  iur- 
face. 

Total. 

Per 
Tnch. 

Meuu 

Days. 

Months. 

1 
1 
1 

1 
1 

8 
8 
8 
8 
8 

Inches. 
4.05 
4.01 
4.05 
4.68 
4.00 

4.08 
4.04 
8.99 
4.00 
8.99 

3.96 
8.99 
4.00 
4.06 
4.06 

Inches. 
4.00 
4.00 
4.00 
4.00 
4.03 

3.97 
4.01 
4.05 
4.00 
4.06 

4.05 
4.04 
4.02 
4.00 
8.99 

Inches. 
8.99 
4.02 
4.02 
3.99 
4.00 

4.02 
4.01 
4.02 
4.06 
4.02 

4.05 
4.04 
4.10 
4.08 
4.00 

Sq.  inches. 
16.96 
16.08 
16.08 
15.96 
16.12 

15.96 
16.08 
16.28 
16.24 
16.82 

16.40 
16.82 
16.48 
16.12 
16.96 

Pounds. 

Pounds. 
11.800 
12.600 
12,400 
12.000 
11,400 

18.100 
28,100 
22.800 
28.600 
22,800 

86.600 
36.700 
36,600 
84,600 
87,700 

Pounds. 
789 
784 
771 
762 
707 

1.184 
1,487 
1,400 
1.468 
1,886 

2,226 
2,188 

Jim 

2,146 
2,802 

Pound*. 

760 

11.000 

'  *26,*466'* 
86,600 

■■"iMo'l 

i 

'**8i.*266"* 

■"i'MO" 

OEMEirr. 

Potomac  Ceiient,  Neat. 

Water  used  in  mixing,  39.2  per  cent. 
Set  in  air. 


881 


Age. 

Dlxneiiflioiui. 

Sec- 
tional 
area. 

Flnt 
ciack. 

CompreasiTe  strength. 

Height. 

Comprened  Bui^ 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Day». 

7 
7 

7 
7 

MtmthB. 

I 
1 

1 
1 

1 

8 
8 
8 
8 
8 

12 
12 
12 
12 

Jnchet. 
8.97 
8.98 
3.98 
4.04 
8.99 

3.96 
8.98 
3.96 
3.98 
8.97 

4.08 
4.02 
4.05 
4.06 
8.97 

8.99 
8.98 
8.98 
8.97 

Jnehei, 
4.00 
4.01 
4.03 
4.01 
4.09 

4.08 
8.98 
4.00 
4.04 
4.03 

8.97 
3.99 
8.99 
3.99 
4.06 

4.04 
4.04 

4.10 
4.04 
4.02 
4.00 
4.08 

4.02 
4.06 
4.06 
4.08 
4.04 

4.01 
4.04 
4.02 
4.00 
4.00 

4.02 
4.06 

Sq.  inches. 
16.40 
16.20 
16.20 
16.04 
16.48 

16.20 
16.16 
16.24 
16.28 
16.28 

15.92 
16.12 
16.04 
15.96 
16.24 

16.24 
16.86 
16.12 
16.12 

Pounds. 

Pimnds. 
6,680 
6,960 
7,100 
6,850 
6,820 

14,100 
18,800 
12,200 
14,100 
14,100 

18,700 
16.200 
16,700 
19,000 
18,700 

16,800 
19,500 
19,200 
16,500 

Pmtnds. 
407 
480 
438 
•     427 
414 

870 
854 
751 
866 
860 

1,175 
1,005 
1,041 
1,190 
1,151 

1,000 
1,190 
1,190 
1,020 

Pounds. 

423 

840 

16,700 
18,400 
7,000 

18,200 

1.110 

9,200 
10,600 
9,500 

4.02          4.01 

4.00 

4.08 

1,100 

Retarded  Set  Series. 

additional  tests,  cubes  set  in  air. 

Marks,  V  17. 

Composition:  Star  cement,  with  plaster,  neat. 

Oripnal  water  used  in  gau^ng,  32.9  per  cent  of  cement. 

Age,  9  months. 

Retarded  102  hours. 

For  earlier  tests  see  Report,  1901,  page  609. 


Marka. 

Dimeniiions. 

Sec- 
Uonal 
area. 

First 
crack. 

CompresBive 
strength. 

Height. 

face. 

Total. 

Per 
Mquare 
inch. 

102 -^J  17  (4) 

Inches. 
4.00 
4.08 
4.01 

Inches. 
8.96 
8.05 
8.96 

Inches. 
8.97 
8.99 
8.97 

Sq.  inches. 
15.72 
15.76 
15.60 

P^mnds. 
7,040 
7,880 
8,800 

Pounds. 
8,010 
7,880 
8,760 

Pounds. 
610 
465 

561 

102  "^J  17  (5) 

103  ^J  17  6) 

882  CEMENT. 

The  three  following  cubes  were  immersed  in  water  24  hours. 


Marks. 


102  ^J  17  (7) 
102  t:?  J  17  (8) 
102  i^iJ  17  (9) 


Weight 

before 

immer- 

Bion. 


Lbs.  oz». 

3  0 

8  0 

8  i 


Weight 
after 

immer^ 
don. 


Lb«.  ozt. 
3  14} 
3  141 
3      14 


The  cubes  were  taken  from  the  bath  and  immediately  tested. 


DimeiifdonH. 


Comprc^fised  Hur- 
face. 


Inche». 

102 -sllr J  17  (7) ;        4.01 

102t:?J17(8S 4.08 

102'CrJ17(9) '        4.02 


Inche.9. 
3.96 
3.96 
3.94 


Inches. 
8.98 
4.02 
4.01 


Sec- 
tional 
area. 


First 
crack. 


So.  inches.  Pounds. 

15.76    i  6,240 

16.92  7,100 

16.80  5,200 


Compreflsive 
strength. 


Total. 


Pounds. 
6,240 
7,100 
5,200 


Per 
square 
inch. 


Pounds. 


446 
329 


The  next  three  cubes  were  immersed  in  water  24  hours,  then  allowed 
to  dr}^  in  the  open  air  12  days,  at  the  expiration  of  which  time  they 
were  tested. 


Marks. 


102  ilr  J  17  (10) 
102  -Cr  J  17  (11) 
102  <:r  J  17  (12) 


Marks. 


102 -cr  J  17  (lo; 

102 -s:^  J  17  (11 
102  <r  J 17  (12 


Dimensions. 


Weight 
before  im- 
mersion. 


Lbs.  ozs. 

2  161 

3  U 
3  k 


Weight 
after  im- 
mersion. 


Weight 
after  dry- 
ing in  open 
au- 12  days. 


Lbs.  ots. 

8  14 

3  141 

8  14^ 


Lbs.  OSS. 
8  21 
8      4 

3      4J 


Height. 


Inches. 
4.02 
4.01 
4.02 


Compressed  sur- 
face. 


Inches. 
8.94 
3.95 
3.94 


Inches. 
4.00 
4.10 
4.00 


Sec- 
tional 
area. 


57.  inches. 

15.76 

16.20 

15.76 


First 
crack. 


Pounds. 
6.980 
6,600 
7,840 


Compressive 
strength. 


ToUl. 


Pounds. 
6,980 
7,820 
7.840 


Per 
square 
inch. 


Pounds, 
443 
452 
497 


OEM£NT. 
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Cement  and  Mortar  Cubes. 

Summary  of  results  on  2-inch  cubes.     One-half  of  each  batch  set  in 
air,  one-half  in  water. 

(Specimens  set  in  water  were  set  the  first  day  after  mixing  in  air.) 


Brand. 

CompoHition. 

Age. 

Mean  eorapre«tive 
.«<trength. 

Cement. 

! 

Sand,    i   Water. 

; 

Set  in  air. 

per 

square 

inch. 

PmmtU. 
2,540 
8,010 
3,890 

4,540 
4,480 

2,610 
2,580 

4,970 
6.140 
6.080 

2,850 
3,400 
3,410 

1,370 
1,490 

Set  in 

wftter.per 

square 

inch. 

Atlas 

Lehigh 

Do 

PenlnsulHr 

Do 

'                 Per  cent. 
1    ,           1            82.0 

Iweek 

1  month 

3  months  . . . 

1  month 

3  months  . . . 

1  month 

3  months . . . 

iweek 

1  month  — 
3  months . . . 

Iweek 

1  month  — 
3  months  . . . 

Iweek 

1  month 

Iweek 

1  month.... 

iweek 

1  month 

3monthH... 

Iweek 

1  month 

3 months  ... 

Iweek 

1  month  — 
3  months  . . . 

Iweek 

1  month 

3  months  . . . 

Iweek 

1  month 

3  months  . . . 

6  days 

1  month 

3  months  . . . 

6  days 

1  month 

3  mouths . . . 

4  days 

1  month 

3  months... 

1  week 

39  days 

3  months . . . 
6  months . . . 

6  days 

38  days 

3  months   .. 
6  months  . . . 

1  week 

35  days 

3  months... 

Pound*. 
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3,470 
4,560 

6,400 
6,650 

3,970 
4,970 
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8,870 
9,560 
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4,6W 

i 1 

Neat. 

27.0 

:              1 
1     1            1     '        34.0 

Neat. 
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!           Do 
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28.8 
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2,590 

2,  aw 
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2,140 
2,190 

718 
816 
851 

335 
488 
608 

1,670 
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1,460 
1,610 
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424 
850 

1,900 
2.600 
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'' 
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1,320 

1                3 
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•297 
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6-25 

1.880 
2,830 
3,110 

1.090 
1.920 
2.340 

424 

708 

1.120 
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26.8 
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Do 

Do 

Newark  and  Rosendale 

Obcli-Hk 
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r; r 

44.0 
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1     1           3 
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219              360 
306              571 

499              379 
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b  2  days  in  air. 
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OEUSSST.       SET  IN   AIK   AND   IN    WATER. 

Cement  Cubes. 


Material  set  in  air  or  in  water  followed  by  different  periods  of  exix)- 
sure  under  reversed  conditions. 

FIRST  SERIES. 

Two  batches  of  cubes  were  made  for  this  series  of  tests.  The  spec- 
imens of  one  batch  were  set  in  air  initial  periods  of  time,  from  one 
week  to  three  months,  after  which  they  were  placed  in  water,  where 
they  remained  until  the  time  of  testing. 

In  the  other  batch  the  conditions  were  reversed  and  an  initial  period 
in  water  was  followed  by  a  period  in  air.  Also  specimens  from  each 
batch  set  the  full  time  in  air  and  m  water. 

Tests  were  made  when  the  material  was  four  months  old. 

TESTS  OP  CUBES  SET  IN  AIR,  AND  THOSE  SET  IN  AIR  FOLLOWED  BY  AN  INTERVAL  IN 

WATER. 

Marks,  ^^  J.  23. 

Composition,  Star  cement,  without  plaster,  neat. 

Water  used  in  gauging,  24.8  per  cent  of  cement. 


Aifein— 


Mo9, 


Air. 


Wkn.  Days. 
1  1 


Water. 


Mo9.  I  irjt«. 


2  I. 


DimensioiiH, 


2.06 
2.05 
2.01 
2.02 
2.04 

2.01 
2.03 
2.03 
1.99 
2.03 

!  2.00 
.  2.00 
!  2.00 
'  2.00 
2.05 

2.00 
2.02 
2.04 
2.00 
2.00 


Com- 
pressed 
»urfaee. 


I  CompreRsive  strength. 


Sec-    ' 
tional  ! 


Total. 


I 


I 

1.99  > 
2.01  1 

2.05  I 
2.04  ' 
2.04  I 

I 
2.01  , 

2.00  . 

2.06  I 

2.01  ' 
2.06 


Inn. 
2.01 
2.01 
2.01 
2.03 
2,05 

1.99 
2.03 
2.03 
1.97 
1.99 

2.03 
2.01 
2.00 
2  02 
2.01 

2.00 
2.02 
2.09 
2.05 
2.06 


I 
1.97  I 
l.W, 
2.02  I 

2.02  I 

2.03  I 

2.00  ! 
2.00  I 

1.95 ; 

2.03 
2.08 


IM. 

Sq.in. 

2.03 

4.08 

2.06 

4.12 

2.00 

4.02 

2.03 

4.12 

2.03 

4.16 

2.04 

4.06 

2.04 

4.14 

2.05 

4.16 

2.00 

3.94 

2.04 

4.06 

2.06 

4.1fi 

1.99 

4.00 

2.00 

4.00 

2.02 

4.08 

2.06 

4.14 

2.02 

4.04 

2.03 

4.10 

2.00 

4.18 

2.06 

4.22 

2.04 

4.18 

2.08  I  2.02 
2.04  1.91 
2  00  1  2.  05 
2.00     1.99 


2.02 
2.02 
2.03 
2.03 
2.04 

2.04 
1.99 
2.02 
2.01 
2.03 

2  01 
2.0t 
2.02 
2.02 


Per 
fiquare 
Inch. 


Remarks. 


Mean. 


Pounds.  Pounds.  PoumW 


2.02  I  2.02  2.02 


8.98  I 
3.92  I 
4.10 
4.10  I 
4.14  I 

4.08 
8  98 
3.94 
4.08 
4  12 

4.06 
3.90 
4.14 
4.02 
4.  OS 


11,570 
13,560 
11.800 
11.400 
12,900 

13,500 
12,790 
12,300 
12,970 
12.950 

13,650 
14,030  \ 
12,000 
18,800 
14,350 

16,500 
18.360 
13,400 
14,320 
15,700 

16,200 
13,700 
12,900 
16,900  I 
14.600  I 
I 
16,300  ; 
14,100 
11,800 
11,200  ! 
15,600  I 

16,000  I 
13,200 
17, 100 
17.500 
18, -200  I 


2,»I0 
3,300 
2,940 
2,770 
3,100  > 

3,830 
3,090  • 
2,960  : 
3,290 
3,180  I 


2.990  I 


3.170 


8,270    

3,510  ' 

3,000  I 

3,380    

3,450       8,320 


4,080    

4.480  ' 

8.210  I 

3.390  , 

8,760       8,780 


I 


3,820  , 

8.490 

8.160 

4.120 

3.530 

4.000 
3,540  , 
2,990 
2,750 
3.790  . 

3.940 
8.3^0 
4.130  , 
4.350 
4.460  I 


3,6-20 


3,410  • 


4.060 


OEMENT.       SET   IN    AIR   AND   IN    WATER. 
TENS  OF  CUBES  SET  IN  AIR,  ETC.-Continued. 
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Age  in- 

DimensionB. 

Sec- 
tional 
area. 

Compressive  strength. 

Remarks. 

Air. 

Water. 

t 

Com- 
pressed 
surface. 

Total. 

Per 
square 
inch. 

Mean. 

Mo9. 

ir*f. 

Dayt. 

M08. 

4 

Wks. 

In$. 
2.02 
2.00 
2.03 
2.03 
2.01 

2.00 
2.02 
2.02 
2.00 
2.02 

2.02 
2.02 
2.04 
2.06 
2.02 

2.04 
2.07 
2.06 
2.01 
2.00 

2.03 
2.01 
2.06 
1.96 
2.04 

2.02 
2.02 
2.00 
2.06 
2.01 

2.04 
2.02 
1.95 
2.06 
2.01 

3.07 
8.00 
8.00 
8.08 

Iru. 
2.06 
2.04 
2.06 
2.04 
2.03 

1.98 
2.06 
2.02 
1.99 
2.04 

2.03 
2.04 
2.08 
2.03 
2.00 

2.01 
2.01 
2.01 
1.99 
2.07 

2.04 
2.04 
2.01 
2.00 
2.03 

2.06 
2.00 
1.97 
2.03 
1.99 

2.00 
2.04 
2.06 
2.08 
2.04 

8.00 
3.06 
8.06 
8.00 

Int. 
2.00 
2.02 
2.03 
2.01 
2.00 

2.04 
2.06 
2.04 
2.02 
2.02 

2.04 
2.05 
2.00 
2.04 
1.98 

2.06 
2.07 
2.04 
2.02 
2.02 

2.04 
2.04 
2.02 
2.06 
2.00 

1.96 
2.00 
2.02 
2.01 
2.02 

2.02 
2.06 
2.01 
2.08 
2.02 

8.10 
8.07 
8.09 
8.10 

Sq.in. 
4.12 
4.12 
4.16 
4.10 
4.06 

4.04 
4.22 
4.12 
4.02 
4.12 

4.14 
4.18 
4.06 
4.14 
8.96 

4.14 
4.16 
4.10 
4.02 
4.18 

4.16 
4.16 
4.06 
4.10 
4.06 

4.08 
4.00 
8.96 
4.06 
4.02 

4.04 
4.20 
4.12 
4.12 
4.12 

9.80 
9.89 
9.42 
9.80 

Amnds. 
25,400 
26,400 
25,900 
26,400 
21,700 

22,800 
16,200 
19,700 
22,000 
19,800 

16,800 
19,900 
17,600 
23,600 
19,700 

19,900 
21,000 
19,100 
14,6110 
19,900 

18,100 
19,600 
17,400 
20,800 
15,900 

17,400 
16,900 
19,800 
20,700 
18,100 

15,100 
17,200 
16,100 
18,800 
16,600 

89,400 
44.100 
41,900 
48,800 

P&uruh 
6,170 
6,410 
6,280 
6,440 
5.340 

5.640 
8,840 
4,780 
5,470 
4,810 

4.060 
4,760 

Amnd«. 
'*6,"i26' 

"*4."9i6' 

1 

3 

3 

1 



2 

3 

2 

1 

4,330 
5,700 
4,970 

4.810 
5,060 
4,660 
3,630 
4,760 

4.850 
4.690 
4,290 
4.960 
8.920 

4,260 
4,280 
4,970 
5,070 
4,500 

3,740 
4,100 
8.910 
4,660 
4,080 

4,240 
4,700 
4,450 
4,660 

'4,' 760* 
"'i.586* 

'  4,016' 

"  '4,'676' 
'*4."5i6' 



3 

3 



1 

1 

1 

1 

1 

1 

1         3 

.1       3 

1 

1 

2 

2 

1 

1 

3 

1 

1 

1 

1 

4 

1 

CEMENTS,  STRENGTH    AFTER   HEATING.  451 

Cements  and  Mortars. 

COMPRESSION   tests   OF   CUBES   AFTER   HAVING    BEEN    HEATED   TO 
DIFFERENT  TEMPERATURES. 

The  cubes  for  this  series  were  prepared  and  set  in  air  or  in  water 
for  a  period  of  one  year  to  a  year  and  a  half  before  they  were  heated, 
and  intervals  ranging  from  four  da^^s  to  nearly  four  months  inter- 
vened between  the  time  of  heating  and  the  time  of  testing. 

The  heated  cubes  were  gradually  raised  to  the  temperatures 
recorded,  and  slowly  cooled  in  dry  sawdust  or  powdered  asbestus. 
The  time  of  heating  was  one  hour,  and  the  maximum  temperature 
was  maintained  for  one  hour. 

Cubes  which  were  ,set  in  water  were  dried  off  on  a  radiator  for 
twenty-four  hours  before  heating  in  the  muffle  to  the  tempcnxtures 
recorded. 

During  heating  some  of  the  cu))es  developed  fine  cra(^ks,  at  first 
faintly  shown,  which  enlarged  after  a  few  hours  or  days  had  elapsed. 
Photographs  are  sliown  illustrating  the  progressive  development  of 
these  cracks.  In  other  cases  the  cracks  appeared  more  promptly. 
Among  those  which  were  heated  to  the  higner  temperatures  of  the 
series,  which  mnged  from  'iUO^  to  1,000^  F.,  there  were  cubes  so 
badly  cracked  as  to  be  unsuitable  for  testing. 
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CEMENT   AND   MOBTAR.       ELASTIC   PROPERTIES. 
No.  1477. 

Marks,  Pen.  June  17. 

Composition:  Peninsular  cement,  neat. 

Water  used  in  gauging.  22.2  per  cent  of  cement. 

Age,  set  in  air,  2  montns  13  days. 

Weight  per  cubic  foot,  135.3  pounds. 

Dimensions,  24".17x3".90x6".03. 

Sectional  area,  23.52  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 

100 

300 

600 

600 

800 

1,000 

1,200 

1,400 

i;600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

3,200 
3,400 
3,600 

600 
1,000 
1,600 
2,000 
2,600 
8,000 
2,600 
2,000 
1,600 
1,000 

600 

3,000 
3,600 
3,800 
4,000 

4,200 
4,400 
4.600 
4,800 
5,000 

600 
1,000 
1,600 
2.000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 
1,000 
2,000 
8,000 
4,000 
3,000 
2,000 
1,000 

5,200 

6,710 

Com- 
pression. 

Set. 

Pounds. 
2,862 
7,066 
11.760 
14,112 
18,816 
23,620 
28,224 
82,928 
37,632 
42,386 
47,040 
61,744 
66,448 
61,162 
66,856 
70,560 

76,264 
79,968 
84,672 

Inch. 

0. 

.0011 
.0022 
.0029 
.0043 
.0066 
.0069 
.0060 
.0091 
.0100 
.0111 
.0125 
.0188 
.0150 
.0162 
.0174 

.0186 
.0200 
.0213 

.0085 
.0059 
.0093 
.0118 
.0165 
.0178 
.0168 
.0120 
.0099 
.0064 
.0040 

.0179 
.0216 
.0231 
.0248 

.0261 
.0279 
.0290 
.0306 
.0324 

.0050 
.0071 
.0107 
.0132 
.0169 
.0194 
.0174 
.0138 
.0113 
.0077 
.0061 
.0071 
.0131 
.0193 
.0256 
.0199 
.0140 
.0078 

.0345 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0002 
.0003 
.0004 
.0004 
.0006 

Initial  load. 

Rested  8&  hours  under  initial  load. 

E  (500-2,000)  =8,571,000pound8  per  square  inch. 

E  (2.000-3,000)  =3,448,000  pounds    per  square 
Inch. 

Crack  near  end. 

E  (3.000-4.000)  =3,126,000  pounds  per  square 
inch. 

IMtimatc  strength. 

.0010 

.0011 
.0012 
.0014 

**.66i6" 

70,560 
84,672 
89,376 
94,080 

98,784 
108,488 
108,192 
112,896 
117.600 

.0020 

.0022 
.0024 
.0026 
.0028 
.0080 

.0030 

.0081 
.0035 

122, 3W 
157,800 

CEMENTS,  STRENGTH   AFTEK  HEATING. 
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CEMENT    AND   MORTAR.        ELASTIC   PROPERTIES. 
No.  1481. 

Marks,  Pen.  June  12. 

Composition:  Peninsular  cement,  1;  sand,  2. 

Water  used  in  gauging.  48.1  per  cent  of  cement. 

Age,  set  in  air,  2  montns  21  days. 

Weight  per  cubic  foot,  125.4  pounds. 

Dimensions,  24'M6x  3".86x  6".09. 

Sectional  area,  23.51  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Permoare 
inch. 

CompTes- 
don. 

Set. 

Paundt. 

Pound*. 

Inch, 

IncK 

2,361 

100 

0. 

0. 

IniUal  load. 

4,702 

200 

.0006 

0. 

7,063 

800 

.0017 

0. 

9.404 

400 

.0025 

.0002 

11,766 

600 

.0065 

.0004 

14,106 

600 

.0045 

.0005 

18,808 

800 

.0065 

.0007 

23,510 

1,000 

.0086 

.OOU 

28.212 

1,200 

.0110 

.0015 

82,914 

1,400 

.0184 

.0020 

87,616 

1,600 

.0160 

.0025 

42,818 

1,800 

.0191 

.0088 

47,020 

2,000 

600 
1,000 

.0224 

.0068 

.0128 

.0041 

£  (500-2,000)  -1,974,000  pounds  per  square  inch. 

1,600 
1.000 

.0185 

.0187 

600 
2,200 

.0099 
.0261 

'om" 

.0058 

Comer  cracked. 

51,722 

56,424 

2,400 

.0838 

.0090 

57,000 

2,420 

Ultimate  strength. 
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CEMENT  AND  MORTAR  PRISMS— COMPRESSIVE  ELASTIC  PROPERTIES. 
Cement  and  Mortar  Prisms. 


^'^   gt^ypcyggg  Cert^^>\ 


X^- 


No.  1468. 


Marks,  Alp.  March  8. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Weight  per  cubic  foot,  135.5  pounds. 

Dimensions,  23".94x3".84x6^'. 

Sectional  area,  23.04  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per§quare 
inch. 

Gomprea- 
Bion. 

Set 

PonndM. 
2,304 
4.606 
6,912 
9.216 
11,520 
13.824 
16,128 
18,432 
20,786 
23,040 
27,648 
32,256 
36,864 
41,472 
46.080 
80,688 
66,296 
69,904 
64,612 
69,120 

P&ttlKfa.' 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2.200 

2,400 

2,600 

2,800 

3,000 

Inxh. 

0. 

.0006 
.0014 
.0020 
.0028 
.0034 
.0042 
.0048 
.0066 
.0061 
.0076 
.0069 
.0101 
.0115 
.0131 
.0146 
.0161 
.0177 
.0192 
.0206 

Inch. 

0. 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 

0. 
-.0001 

0. 

0. 

.0002 
.0004 
.0006 
.0006 
.0010 
.0014 
.0016 

Initial  load. 

E  (500-2,000)  —8,000,000  pounds  per  square  inch . 
E  (600-3,000)  =»3,030,0U0  pounds  per  square  inch. 

Test  discontinued. 
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No.  1468a. 
Test  resumed  after  an  interval  of  6  months. 


Applied  loads. 

In  ganged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Inch. 

0. 
.0001 
.0004 
.0006 
.0006 

.0010 
.0010 
.0013 
.0015 

.0019 
.0026 
.0031 
.0036 

.0045 

Pounds. 
2,304 
11,620 
23.040 
36,864 
46,080 

59,904 
69,120 
82.944 
92,160 

105,984 
115,200 
129,024 
138,240 

152,064 
196,500 

Pounds. 

100 

600 

1,000 

1.600 

2,000 

2,600 
8,000 
3,600 
4.000 

4.600 
6,000 
5,600 
6,000 

6,600 
8.630 

Inch. 

0. 

.0028 
.0060 
.0097 
.0121 

.0158 
.0181 
.0224 
.0250 

.0288 
.0325 
.0370 
.0406 

.0463 

Micrometer  reset  at  tofo. 

E  (500-2,000) »S.488.000    pounds  per  square 
inch. 

E  (2,000-4.000)  »3,279,000   pounds  per  square 
inch. 

Cracked  along  edge. 

£  (4.00(V«,000) -2.968,000  pounds  per  square 
inch. 

Ultimate  Htrength. 

No.  1474. 

Marks,  Alp.  April  26. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Affe,  set  in  water,  1  month.     (First  2  days  in  air.)  • 

Weight  per  cubic  foot  (immediately  after  being  taken  from  the 
water),  137.3  pounds. 

Dimensions,  24".05 X  3". 85 X  6".08. 

Sectional  area,  23.4  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel.  Prism  had  a  ci*ack  along  one 
edge  when  taken  from  the  mold. 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2.340 

100 

0. 

0. 

Initial  load. 

4,680 

200 

.0001 

0. 

7,020 

800 

.0008 

0. 

9,860 

.  400 

.0006 

0. 

li,700 

600 

.0011 

0. 

14,040 

600 

.0016 

0. 

16,880 

700 

.0023 

.0001 

18,720 

800 

.0080 

.0001 

21,060 

900 

.0035 

28,400 

1,000 

.0046 

.0004 

28,080 

1,200 

.0064 

.0008 

32.760 

1,400 

.0078 

.0009 

87,440 

1,600 

.0095 

.0011 

42,120 

1,800 

.0109 

.0012 

46,800 

2,000 

.0121 

.0012 

E  (500-2.000)  »8.061,000   pounds  per  square 
inch. 

61.480 

2,200 

.0186 

.0014 

66,160 

2,400 

.0149 

.0015 

60,840 

2.600 

.0164 

.0016 

66,620 

2,800 

.0179 

.0018 
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No.  1474 — Continued. 


Applied  lofulR. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Incn. 

Gompres- 
slon. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

70,200 

8,000 

200 
600 
1,000 
1.400 
1.800 
2,200 
2,600 
2,200 
1,800 
1,400 
1,000 
600 

.0192 

.0025 
.0051 
.0075 
.0101 
.0125 
.0149 
.0172 
.0152 
.0131 
.0109 
.0065 
.0059 

.0019 

200 

.0031 

.0019 

200 

.0024 

600 

.0051 

1,000 

.0077 

1,400 

.0102 

1,800 

.0126 

2,200 

.0150 

2,600 

.0178 

2,200 

.0153 

1,800 

.0132 

1,400 

.0110 

1,000 

.0066 

600 

.0061 

200 

.0080 

.0018 

Prism  returned  to  water  bath. 

Test  discontinued. 

No.  1474«. 

Test  resumed  after  an  interval  of  4  months. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,340 
11,700 
23,400 
87,440 
46,800 
60,840 
70,200 
84,240 
93,600 

107,640 
117,000 
131,040 
140,400 

216,700 

Pounds. 
100 
500 
1.000 
1,600 
2,000 
2.600 
3,000 
3,600 
4,000 

4,600 
5,000 
5,600 
6,000 

9,260 

Inch. 

0. 

.0016 
.0038 
.0064 
.0062 
.0109 
.0128 
.0156 
.0177 

.0205 
.0226 
.0263 
.0288 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 

.0002 
.0003 
.0006 
.0006 

Micrometer  reset  at  zero. 

E  (500-2,000) =4,545,000  pounds  per  square  inch. 

E  (2,000-4,000)  =4,255.000  pounds  per  square 
inch. 

Cracked  along  edge. 

E  (4,000-6,000)  =3,846,000  pounds   per  square 

Inch. 
Ultimate  strength. 
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No.  1471. 
Marks,  Atl.  March  13. 
Composition:  Atlas  cement,  neat. 
Water  used  in  gauging,  21.9  per  cent  of  cement. 
Age,  set  in  air,  2  months  16  days. 
Weight  per  cubic  foot,  134.7  pounds. 
Dimensions,  23".98X 3".87x 6".02. 
Sectional  area,  23.3  square  inches. 
Gauged  length,  20". 


Appliet 

i  loadH. 

In  gauge 

d  length. 

Remarkfl. 

Total. 

Per  square 
inch. 

Compres- 

BiOD. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2.380 

100 

0. 

0. 

Initial  load. 

4,660 

200 

.0013 

.0002 

6,990 

800 

.0026 

.0003 

9,320 

400 

.0039 

.0005 

11.650 

500 

.0051 

.0006 

13,980 

600 

.0062 

.0007 

16.810 

700 

.0075 

.0008 

18.640 

800 

.0086 

.0009 

20.970 

900 

.0097 

.0010 

23,800 

1,000 

.0105 

.0012 

27.960 

1,200 

.0125 

.0012 

32,620 

1,400 

.0142 

.0013 

37,280 

1,600 

.0160 

.0014 

41,940 

1,800 

.0177 

.0016 

46,600 

2,000 

.0193 

.0019 

£  (riOO-2,000) =2.326.000  pounds  per  square  inch. 

61,260 

2,200 

.0210 

.0024 

55.920 

2,400 

.0290 

.0027 

60.580 

2,600 

.0248 

.0032 

65,240 

2.800 

.0270 

.0039 

69,900 

3,000 

.0291 

.0045 
.0033 

After  resting  1  hour. 

3,000 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

.0287 

.0042 

.0060 
.0075 
.0093 
.0114 
.0134 

.0158 

.0169 

.0186 

.0201 

.0217 

2,200 
2,400 
2,200 
2,000 
1,800 
1,600 
1,400 
1,200 
1,000 

0233 

.0250 

.0238 

.0225 

.0211 

.0196 

.0183 

.0168 

.0161* 

800 

.0133 

600 
400 
200 

.0112 
.0091 
.0066 

.0050 

.0045 

After  resting  5  minutes. 

Test  discontinued. 


CSHENT  AXB  MO&TAR.       JBLASTIO  PAOPEBIIES. 

No.  1471rt. 
Test  resumed  after  an  interval  of  4  months. 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Totol. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2.330 
11,650 
23.300 
37,280 
46,600 
60,580 
69,900 
83,880 
93,200 

107.180 
116.600 
127,000 

Pounds. 
100 
600 
1,000 
1,600 
2,000 
2,600 
8,000 
3.600 
4,000 

4,600 
5,000 
5,450 

Inch. 

0. 

.0044 
.0098 
.0148 
.0176 
.0225 
.0259 
.0815 
.0859 

.0423 
.0483 

Inch. 

0. 
.0001 
.0005 
.0009 
.0011 
.0016 
.0020 
.0081 
.0040 

.0052 
.0074 

Micrometer  reset  at  zero. 

£  (500-2,000)  =2.479.000  pounds  persquare  inoh. 

£  (2,000-4,000)  =>  2.581,000  pounds  per  square 
inch. 

Ultimate  strength. 

No.  1499. 
Marks,  L.  July  14. 
Composition:  Lehigh  cement,  neat. 
Water  used  in  gauging,  27  per  cent  of  cement. 
Age,  set  in  air,  1  month  26  days. 
Weight  per  cubic  foot,  129.2  pounds. 
Dimensions,  24".03X  3".90X  6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  loads. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 

Compres- 
sion. 

Set. 

Pounds. 

Inch. 

Inch. 

2.352 

100 

0. 

0. 

Initial  load. 

4.704 

200 

.0011 

0. 

7,056 

300 

.0024 

.0002 

9,408 

400 

.0035 

.0004 

11,760 

50Q 

.0016 

.0005 

14,112 

600 

.0060 

.0006 

16,464 

700 

.0069 

.0008 

18,816 

800 

.0080 

.0009 

21,168 

900 

.0090    '          .0009 

23,520 

1,000 

200 
400 
600 
800 

.0100 

.0022 
.0045 
.0067 
.0065 

.0011 

600 
400 
200 

1,200 

.0068 
.0048 
.0025 

.0119 

.oois 

.0013 

28,224 

32,928 

1,400 

.0135 

.0016 

37,632 

1.600 

.0151 

.0019 

42,336 

1.800 

.0168 

.0022 

47,040 

2.000 

.0186 

.0025 

E  (500-2,000)  »2.600,000  pounds  per  square  inch. 

200 
400 
600 
800 
600 
400 
200 

.0085 
.0057 
.0078 
.0096 
.0080 
.0060 
.0038 

.0025 

472  OEMEKT   AND  HOETAB.       ELASTIO  PBOPEBTIES. 

No.  1499— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks.                               ' 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
61,744 
56,448 
61,162 
66,866 
70,660 

Pounds, 
2,200 
2,400 
2,600 
2,800 
8,000 

200 
400 
600 
800 
600 
400 
200 

200 

400 

800 

1,200 

1,600 

2,000 

1,600 

1.200 

800 

400 

200 

8,200 
3,400 
8,600 
3,800 
4,009 

Inch. 
.0204 
.0222 
.0246 
.0262 
.0288 

.0064 
.0076 
.0096 
.0113 
.0097 
.0078 
.0066 

.0061 
.0073 
.0112 
.0144 
.0174 
.0206 
.0178 
.0160 
.0120 
.0060 
.0067 

.0805 
.0829 
.0362 
.0877 
.0408 

Inch. 
.0027 
.0032 
.0037 
.0040 
.0044 

Craok  at  comer. 

E   (2,00(M,000)  =2,858,000   pounds 
After  6  minutes. 

Ultimate  strength. 

1 
per  square 

.0041 

.0044 

.0049 
.0065 
.0069 
.0066 
.0072 

.0065 

76.264 
79,968 
84,672 
89.876 
94,060 

200 
400 
600 
800 
600 
400 
200 

5,800 

.0076 
.0100 
.0120 
.0189 
.0122 
.0102 
.0079 

.0066 

136,300 

CEMENT   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 

No.  1500. 
Marks,  L.  July  15. 

Composition:  Lehigh  cement,  1;  sand,  1. 
Water  used  in  gauging,  34  per  cent  of  cement 
A^e,  set  in  air,  1  month  26  days. 
Weight  per  cubic  foot,  133  pounds. 
Dimensions,  24".00x3".91x6.".06 
Sectional  area,  23.69  square  inches. 
Gauged  length,  20". 
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Applle< 

i  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  fM3uarc 
Indh. 

Compres- 
sion. 

Set. 

PountU. 

Poundt. 

Inch. 

Inch. 

2,369 

100 

0. 

0. 

Initial  load. 

4,788 

200 

.0006 

0. 

7,107 

300 

.0011 

0. 

9,476 

400 

.0018 

0. 

11.845 

600 

.0025 

0. 

14.214 

600 

.0031 

0. 

16.683 

700 

.0039 

.0001 

18,962 

800 

.0046 

.0008 

21,821 

900 

.0054 

.0004 

23,690 

1,000 

.0063 

.0005 

28,428 

1,200 

.0079 

.0007 

83,166 

1,400 

.0098 

.0010 

37,904 

1,600 

.0116 

.0013 

42,642 

1,800 

.0135 

.0018 

47,380 

2,000 

.0165 

.0022 

£(600-2,000)  »2.778,000  pounds 

per  square  inch. 

62,118 

2.200 

.0179 

.0027 

66,856 

2,400 

.0207 

.0085 

61,694 

2,600 

.0231 

.0044 

66,332 

2,800 

.0265 

.0054 

71,070 

3,000 

.0802 

.0065 

75,808 

3.200 

.0848 

.0089 

80,546 

3.400 

.0412 

.0116 

Cracks  along  edge.       ' 
Ultimate  strength. 

81,000 

3,420 

474  CEMENT   AND   MOBTAB.       ELASTIC   PBOPBBTIES. 

No.  1501 

Marks,  L.  July  16. 

Composition:  Lehigh  cement,  neat. 

Water  used  in  gauging,  26  per  cent  of  cement. 

Age,  set  in  water,  1  month,  26  days. 

Weight  per  cubic  foot,  135.9  pounds. 

Dimensions,  24'M3 X  3".93 X  6^'.06. 

Sectional  area,  23.82  square  inches. 

Gauged  length,  20". 


Applied  loadii. 

In  gauged  length. 

RemarkH. 

Total. 

Per  (tquare 
inch. 

Compres- 
sion. 

Set 

Pounds. 

Poundti. 

Inch, 

Inch. 

2,382 

100 

0. 

0. 

Initial  load. 

4,764 

200 

.0008 

0. 

7,146 

900 

.0006 

0. 

9.328 

400 

.0011 

0. 

11,910 

600 

.0014 

0. 

14,292 

600 

.0019 

0. 

16,674 

700 

.0028 

0. 

19,066 

800 

.0028 

0. 

21,438 

900 

.0081 

0. 

28,820 

1,000 

.0086 

0. 

28,684 

1,200 

.0046 

0. 

33,848 

1,400 

.0054 

0. 

88,112 

1,600 

.0064 

0. 

42,876 

1,800 

.0078 

0. 

47,640 

2,000 

200 
400 
600 
800 
1,000 

.0063 

.0008 
.0006 
.0016 
.0025 
.0036 

0. 

E(500-2,000)  »4.848.000poundflperflquarelnch. 

1,200 
1,400 

.0046 

.0065 

1.600 
1,400 

.0064 
.0064 

1,200 
1,000 
800 
600 
400 
200 

2,200 

.0046 
.0035 

.0026 
.0017 
.0008 
.0001 

.0091 

0. 
0. 

52,404 

67,168 

2,400 

.0100 

.0001 

61,932 

2,600 

.0111 

.0001 

66,696 

2,800 

.0119 

.0001 

71,460 

3,000 

600 
1,000 
1,600 
2,000 

.0129 

.0018 
.0081 
.0059 
.0079 

.0001 

£(2,000-3,000)  »4.444,000poand8  persquareinch. 

2,600 
2,000 
1,600 

.0109 
.0080 

.0060 

1,000 
600 

3.200 

.0081 
.0016 

.0139 

.0001 
.0001 

76,224 

80,988 

3,400 

.0160 

.0002 

85,752 

3,600 

.0169 

.0001 

90,516 

3,800 

.0169 

.0002 

96,280 

4,000 

.0189 

.0003 

Fragment  detached  along  edge. 

179,600 

7,640 

Ultimate  strength. 

CEMENT   AND   MOBTAB.       ELASTIC   PBOPEBTISS. 
No.  1477. 

Marks,  Pen.  June  17. 

Composition:  Peninsular  cement,  neat. 

Water  used  in  gauging.  22.2  per  cent  of  cement. 

Age,  set  in  air,  2  montns  18  oays. 

Weight  per  cubic  foot,  135.3  pounds. 

Dimensions,  2tt'M7X3".90x6^'.03. 

Sectional  area,  23.52  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  ganged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 

100 

300 

600 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2.000 

2,200 

2.400 

2.600 

2.800 

8,000 

3,200 
3.400 
3,600 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 

8.000 
3,600 
3,800 
4,000 

4.200 
4,400 
4.600 
4.800 
5,000 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2.600 
2.000 
1,600 
1,000 

600 
1,000 
2,000 
3.000 
4.000 
8,000 
2,000 
1,000 

5,200 

6,710 

Com- 
pression. 

Set. 

Pounds. 
2,862 
7,066 
11,760 
14,112 
18,816 
23,620 
28,224 
82,928 
87,632 
42,336 
47,040 
61,744 
66,448 
61, 152 
66,856 
70,560 

75.264 
79,968 
84,672 

Inch. 

0. 

.0011 
.0022 
.0029 
.0043 
.0066 
.0069 
.0080 
.0091 
.0100 
.0111 
.0125 
.0188 
.0150 
.0162 
.0174 

.0186 
.0200 
.0213 

.0085 
.0069 
.0093 
.0118 
..0155 
.0178 
.0158 
.0120 
.0099 
.0064 
.0040 

.0179 
.0216 
.0231 
.0248 

.0261 
.0279 
.0290 
.0306 
.0324 

.Oa'iO 
.0071 
.0107 
.0132 
.0169 
.0194 
.0174 
.0138 
.0113 
.0077 
.0051 
.0071 
.0131 
.0193 
.0256 
.0199 
.0140 
.0078 

.0M5 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0002 
.0003 
.0004 
.0004 
.0005 

Initial  load. 

Rested  3|  hours  under  initial  load. 

£  (500-2,000)  ^^ 3,571,000  pounds  per  square  inch. 

£  (2.000-3,000)  =3.448,000  pounds    per  square 
inch. 

Crack  near  end. 

E  (3.000-1,000)  =3,125,000  pounds  per  square 
inch. 

ritimate  Ntrength. 

.0010 

.0011 
.0012 
.0014 

"'  *".'66i6" 

70,560 
84,672 
89.376 
91,080 

98,784 
103,488 
108.192 
112,896 
117,600 

.0020 

.0022 
.0024 
.0026 
.0028 
.0080 

.0030 

.0031 
.0035 

122,304 
157,800 

476  CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES.     * 

No.  1478. 

Marks,  Pen.  June  18. 

Composition:  Peninsular  cement,  neat. 

Water  used  in  gauging,  27.5  per  cent  of  cement. 

Age,  set  in  water,  2  months  14  days. 

Weight  per  cubic  foot  (as  taken  from  water),  138.0  pounds. 

Dimensions,  24'M7x3".88x6".04. 

Sectional  area,  23.43  square  inches. 

Gauged  length,  20". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  sQuare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2.343 
7,029 
11,716 
14,068 
18,744 
23,430 
28,116 
82,802 
87,488 
42,174 
46,860 
61,546 
66,232 
60,918 
66,604 
70,290 

74,976 
79,662 
84,348 

Pounds. 

100 

300 

600 

600 

800 

1,000 

1,200 

1.400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2.800 

3,000 

3,200 
3,400 
3,600 

600 
1.000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 

3,000 
3,600 
3,800 
4,000 

4.200 
4.400 
4,600 
4,800 
5.000 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1.600 
1,000 

600 
1,000 
2,000 
3,000 
4,000 
3,000 
2,000 
1,000 

5,200 
6,720 

Inch. 

0. 

.0013 
.0023 
.0028 
.0088 
.0048 
.0060 
.0070 
.0081 
.0093 
.0105 
.0116 
.0127 
.0140 
.0168 
.0164 

.0175 
.0189 
.0200 

.0040 
.0062 
.0094 
.0115 
.0149 
.0171 
.0160 
.0120 
.0099 
.0068 
.0044 

.0169 
.0201 
.0216 
.0227 

.0240 
.0266 
.0273 
.0289 
.0806 

.0054 
.0078 
.0112 
.0136 
.0168 
.0202 
.0173 
.0141 
.0119 
.008G 
.0060 
.0061 
.0185 
.0191 
.0260 
.0199 
.0145 
.0089 

.0821 

Inch. 

0. 
.0002 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0002 
.0004 
.0005 
.0005 
.0005 
.0006 
.0007 
.0008 

.0009 
.0010 
.0011 

Initial  load. 

E  (600-2,000)  =3,846,000  pounds  per  square  Inch. 

E  (2,000-3,000)  =3,671,000  pounds  per  square 
inch. 

E  (3,000-4,000)  =3,609,000  pounds  per  square 
inch. 

Cracked  along  lower  edge. 

Small  fragment  detached  from  lower  edge. 

Ultimate  strength. 

.0011 

70,290 
84,348 
89,084 
93,720 

98,406 
103,092 
107,778 
112,464 
117,150 

.oois 

.0014 

.0016 
.0016 
.0019 
.0021 
.0025 

.0022 

.0026 
.0027 

121,836 
157,500 

CEMENT   AND   MOBTAR.       ELASTIO   PBOPEBTIES. 
No.  1479. 

Marks,  Pen.  June  19. 

Composition:  Peninsular  cement,  1;  sand,  1. 

Water  used  in  gauging,  32.5  per  cent  of  cement. 

Age,  set  in  air,  2  months  13  oays. 

Weight  per  cubic  foot,  133.4  pounds. 

Dimensions,  24".02X3".89X6".02. 

Sectional  area,  23.42  square  inches. 

Gauged  length,  20". 
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AppUed  loodii. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
iach. 

Compres- 
sion. 

Set. 

Poundt. 

Ptmnds. 

Inch. 

Inch. 

2,842 

100 

0. 

0. 

Initial  load. 

4,684 

200 

.0006 

0. 

7  026 

300 

.0014 

0. 

9.868 

400 

.0020 

0. 

11,710 

500 

.0026 

0. 

14,062 

600 

.0032 

0. 

18,786 

800 

.0047 

0. 

23,420 

1,000 

.0063 

.0001 

28,104 

1,200 

.0076 

.0002 

82,788 

1,400 

.0093 

.0005 

87,472 

1,600 

.0108 

.0007 

42,156 

1,800 

.0125 

.0010 

46,840 
51,524 
66,208 

2,000 
2,200 
2,400 

.0141 
.0159 
.0177 

.0013 
.0013 
.0019 

E  (500-2,000)  »2,941,000  pounds  per  square  inch. 

60,892 

2,600 

.0200 

.0026 

65,576 

2.800 

.0220 

.0029 

70,260 

3,000 

.0244 

.0034 

£  (2JMXK-3,000)a2,439,000  pounds  per  B<iuare 

74,944 

8,200 

.0265 

.0087 

79,628 

3.400 

.0290 

.0044 

84,312 

3,600 

600 
1,000 

.0818 

.0090 
.0124 

.0051 

1,600 
2,000 

.0160 

.0215 

2,600 
8,000 

.0246 

.0277 

2,600 

.0254 

2,000 

.0229 

1,600 

.0189 

1,000 

.0144 

600 

.0110 

.0057 

Micrometer  disturbed  in  its  position. 

88,996 

3,800 

.0827 

.0044 

93,680 

4,000 

.0871 

.0060 

98,864 

4,200 

Ultimate  strength. 
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CEMENT   AND   MORTAB.       ELASTIC   PBOPEBTIES. 


No.  1480. 

Marks,  Pen.  June  20. 

Composition:  Peninsular  cement,  1;  sand,  1. 

Water  used  in  gauging,  31.8  per  cent  of  cement. 

Age,  set  in  water,  2  months  12  days. 

Weight  per  cubic  foot  (as  taken  from  water),  139.5  pounds. 

Dimensions,  24'M6 X  3".90 X  6".02. 

Sectional  area,  23.48  square  inches. 

Gauged  length,  20". 


Applied  loftda. 

Remarks. 

Total. 

Per  square 
inch. 

Compret- 
sion. 

Set. 

^ 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,848 

100 

0. 

0. 

Initial  load. 

4. 696 

200 

.0006 

0. 

7,044 

800 

.0011 

0. 

9,392 

400 

.0018 

0. 

11,740 

500 

.0025 

0. 

14,088 

600 

.0080 

.0001 

18,784 

800 

.0040 

.0002 

28,480 

1,000 

.0050 

.0002 

28,176 

1.200 

.0061 

.0004 

82,872 

1,400 

.0070 

.0004 

87,568 

1,600 

.0061 

.0005 

42,264 

1,800 

.0091 

.0005 

46,960 

2,000 

600 
1,000 

.0102 

.0082 
.0054 

.0006 

E  (600-2,000)»4,225,000  pounds  per  square  inch. 

1,600 

.0084 

1,000 

.0057 

600 
2,200 

.0085 
.0116 

.0005 

.0006 

61,666 

66,862 

2,400 

.0126 

.0008 

61,048 

2,600 

.0136 

.0009 

65,744 

2,800 

.0149 

.0010 

70,440 

8.000 

.0160 

.0011 

E  (2,000-3,000) =8,774,000   pounds  per  square 

75,186 

8,200 

.0178 

.0018 

79,882 

8,400 

.0185 

.0014 

84,628 

8,600 

600 
1,000 

.0199 

.0043 
.0066 

.0016 

1,600 

.0096 

2,000 

.0118 

2,600 

.0148 

8,000 

.0170 

2,600 

.0151 

2,000 

.0126 

1,600 

.0106 

1,000 
600 

8,800 

.0075 
.0049 

.0216 

.0018 
.0018 

89,224 

98,920 

4,000 

.0280 

.0021 

E  (8.000-4,000)  »8,S83,000   pounds   per  square 

inch. 
Ultimate  Htrength. 

161,700 

6,890 

CEMENT    AND   MOBTAR.       ELASTIC   PBOPEBTIES. 

No.  1481. 

Marks,  Pen.  June  12. 

Composition:  Peninsular  cement,  1;  sand,  2. 

Water  used  in  gauging.  48.1  per  cent  of  cement. 

Age,  set  in  air,  2  montns  21  aays. 

Weight  per  cubic  foot,  126.4  pounds. 

Dimensions,  24".16 X  3".86 X  6".09. 

Sectional  area,  23.51  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Permnare 
inch. 

Compres- 
sion. 

Set. 

Pound*. 

Pounds. 

Inch. 

Inch, 

2,361 

100 

0. 

0. 

Initial  load. 

4,702 

200 

.0006 

0. 

7,068 

800 

.0017 

0. 

9.404 

400 

.0026 

.0002 

11,766 

600 

.0085 

.0004 

14,106 

600 

.0046 

.0005 

18,808 

800 

.0065 

.0007 

23,510 

1,000 

.0086 

.0011 

28,212 

1,200 

.0110 

.0015 

82,914 

1,400 

.0184 

.0020 

37,616 

1,600 

.0160 

.0025 

42,318 

1,800 

.0191 

.0083 

47,020 

2,000 

600 
1,000 
1,600 

600 

2,200 

.0224 

.0068 
.0128 

.OOU 

E  (600-2,000)  -1,974,000  pounds  per  square  inch. 

.0186 

.0187 

.0099 
.0261 

.'6643" 

.0068 

Corner  cracked. 

61,722 

56,421 

2,400 

.0838 

.0090 

67,000 

2.420 

Ultimate  strength. 
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CEMENT    AND  MORTAR.       ELASTIC   PROPERTIES. 


No.  1482. 
Marks,  Pen.  June  21. 

Composition:  Peninsular  cement,  1;  sand,  2. 
Water  used  in  gauging,  46.4  per  cent  of  cement. 
Age,  set  in  water,  2  months  13  days. 
Weight  per  cubic  foot,  136.1  pounds. 
Dimensions,  24'M7x  3".87x  6".05. 
Sectional  area,  23.41  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauge 

d  length. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

PountU. 

Inch. 

Inch. 

2,341 

100 

0. 

0. 

Initial  load. 

4,682 

200 

.0006 

0. 

7,023 

300 

.0012 

0. 

9,364 

400 

.0016 

0. 

11,706 

500 

.0023 

0. 

14,046 

600 

.0028 

0. 

18,728 

800 

.0041 

.0001 

23,410 

1,000 

.0054 

.0001 

28,002 

1.200 

.0068 

.0002 

82,774 

1.400 

.0078 

.0001 

87,456 

1,600 

.0093 

.0003 

42,138 

1.800 

.0110 

.0005 

46,820 

2,000 

600 
1.000 

.0128 

.0040 
.0066 

.0008 

E  (,'iOO-2,000)  =3,098,000  pounds  per  square  Inch. 

1.600 

.0103 

1,000 

.0070 

600 
2.200 

.0045 
.0147 

.0009 
.0011 

61.502 

56.184 

2,400 

.0167 

.0015 

60,866 

2,600 

.0189 

.0019 

65,548 

2,800 

.0213 

.0020 

70,230 

8.000 

.0239 

.0028 

£  (2.000-^,000)  «2,198,000   pounds   per  square 
inch. 

74,912 

8.200 

.0269 

.0084 

79, 8M 

3,400 

600 
1,000 

.0295 

.0081 
.0115 

.0040 

1,600 

.0168 

2.000 

.0195 

1,600 

.0173 

1,000 

.0131 

600 
3,920 

.0096 

.0043 

91,800 

CEMENT    AND   MORTAR.       ELASTIC    PROPERTIES. 

No.  1483. 

Marks,  Pen.  June  13. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gauging,  68  per  cent  of  cement. 
Age,  set  in  air,  2  months  20  days. 
Weight  per  cubic  foot,  118.8  pounds. 
Dimensions,  24.20x3".83x6;'.05. 
Sectional  area,  23.17  square  inches. 
Gauged  length,  20". 
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Applied  loads. 


Total. 


Prmnds. 
2,317 
4,634 
6,961 
9.268 
11,585 
13,902 
16,219 
18,536 
20,853 
23, 170 
25,487 
27,8(V4 


30.121 
32,438 
34.755 
34,900 


Per  square 
inch. 


Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

200 
400 
600 
800 
1,000 
800 
600 
400 
200 

1,300 
1,400 
1,500 
1,510 


In  gauged  length. 

KemarkB. 

Compres- 
sion. 

Set. 

Inch, 

Tnch. 

0. 

0. 

Initial  load. 

.0014 

0. 

.0026 

.0001 

.0036 

.0001 

.0049 

.0002 

.0065 

.0006 

.0080 

.0007 

.0098 

.OOU 

.0117 

.0015 

.0139 

.0020 

E(500-l  ,000) » 1,389,000 pounds  per  square  inch. 

.0158 

.0024 

.0188 

.0034 

.0(M5 
.0071 

.0102 
.0131 

.0160 
.0138 
.0112 
.0082 
.0050 



.0086 

.0217 

.0045 

.0249 

.0056 

.0300    1          .0080 

1 

Ultimate  strength. 

1 

H.  Doc.  335 31 
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CEMENT   AND   MOBTAB.       ELASTIC   PB0PEBTIE8. 


No.  1484. 
Marks,  Pen.  June  23. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gauging,  68.3  per  cent  of  cement. 
Age,  set  in  water,  2  months  11  days. 
Weight,  per  cubic  foot,  130.7  pounds. 
Dimensions,  24".16 X  3".89 X  6".05. 
Sectional  area,  23.53  square  inches. 
Gauged  length,  20". 


AppUed  loftdB. 

In  ganged  length. 

Remarks. 

" 

Total. 

PerBooare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,863 

100 

0. 

0. 

Initial  load. 

4,706 

200 

.0009 

.0001 

7,0B9 

800 

.0015 

.0008 

9,412 

400 

.0021 

.0004 

11,766 

600 

.0030 

.0004 

14,118 

600 

.0036 

.0004 

16,471 

700 

.0043 

.0006 

18,824 

800 

.0061 

.0006 

21,177 

900 

.0060 

.0007 

28,680 

1,000 

.0070 

.0009 

E  ( .'WO-l.OOO)  =2,857,000  pounds  per  square  inch. 

26.883 

1,100 

.0080 

.0009 

28,286 

1,200 

200 
400 
600 
800 
1,000 

.0090 

.0017 
.0080 
.0045 
.0062 
.0075 

.0010 

1 

800 
600 
400 
200 

1,300 

.0068 
.0049 
.0085 
.0020 

.0101 

.0010 
.0012 

80,589 

82,942 

1,400 

.0113 

.0014 

86,296 

1,600 

.0126 

.0015 

87,648 

1.600 

.0140 

.0017 

40,001 

1,700 

.0153 

.0020 

42,854 

1,800 

.0170 

.0022 

44,707 

1,900 

.0189 

.0025 

47,060 

2,000 

200 

400 

600 

800 

1,000 

1,200 

1)400 

1,600 

.0208 

.0036 
.0065 
.0077 
.0096 
.0118 

.0029 

E  (1.00O-2.000)»  1,696,000  pounds  per  square 
Inch. 

.0187 
.0157 
.0176 

i;400 
1,200 
1,000 

.0163 
.0149 

.0183 

800 
600 
400 
200 

2,200 

.0115 
.0096 
.0073 
.0048 

.0260 

.0086 
.0047 

61,766 

66,472 

2,400 

.0321 

.0068 

60,600 

2,670 

Ultimate  strength. 

CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1485. 

Marks:  Pen.  June  14. 

Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  87  per  cent  of  cement. 
Age,  set  in  air.  2  months  21  days. 
Weight  per  cubic  foot,  113.4  pounds. 
Dimensions,  24".14  X  3".85  X  6".03. 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 
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Applied  loodg. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds. 
2,322 
4.644 
6.966 
9,288 
11,610 
18,932 
16,254 
18,676 
20,898 

Pountis. 
100 
200 
300 
400 
500 
600 
700 
800 
900 

IndL 

0. 

.0014 
.0032 
.0052 
.0074 
.0101 
.0135 
.0174 

Inch. 

0. 

0. 
.0002 
.0006 
.0006 
.0015 
.0025 
.0036 

Initial  load. 

E  (100-600)  =  1,212,000  pounds  per  square  inch. 

intimate  strength. 

No.  1486. 
Marks,  Pen.  June  24. 

Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  80  per  cent  of  cement. 
Age,  set  in  wa^r,  2  months  11  days. 
Weight  per  cubic  foot,  128.4  pounds. 
Dunensions,  24'M5x3".90x6".04. 
Sectional  area,  23.56  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,356 

4,712 

7,068 

9,424 

11,780 

14,136 

16.492 

18,848 

21,2(M 

23,560 

Pounds. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 

200 
4P0 
.600 
800 
600 
400 
200 

1,000 

Inch. 

0. 

.0011 
.0025 
.0089 
.0054 
.0072 
.0097 
.0125 
.0163 
.0225 

.OOHO 
.0119 
.0157 
.0195 
.0170 
.0139 
.0095 

Inch. 

0. 

0. 
.0003 
.0006 
.0006 
.0009 
.0016 
.0023 
.0040 
.0065 

Initial  load. 

E  (100-500)  =1,667,000  pounds  per  square  inch. 

E  (500-1,000)  ^893,000  pounds  per  square  inch. 
Ultimate  strength. 

.0067 

24,900 

484  CEMENT    AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1466. 

Marks,  ^  March  6. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging,  25  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Dimensions,  23".95 X 3".89 X 6".08. 

Sectional  area,  23.65  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  Bonare 
incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,366 

100 

0. 

0. 

Initial  load. 

4,730 

200 

.0007 

0. 

7,096 

800 

.0014 

-.0001 

9,460 

400 

.0021 

-.0002 

11,826 

600 

.0030 

-.0002 

14,190 

600 

.0038 

-.0002 

16,666 

700 

.0046 

-.0002 

18,920 

800 

.0064 

-.0002 

21,285 

900 

.0061 

-.0002 

23,660 

1,000 

.0068 

-.0002 

28,380 

1,200 

.0084 

-.0002 

33,110 

1,400 

.0098 

^.0002 

37,840 

1,600 

.0116 

0. 

42,670 

1,800 

.0130 

+  .0001 

Pine  transverse  cracks  across  one  4"  side  in 
three  places.    Two  of  these  were  not  visible 
while  the  prism  was  loaded. 

47,300 

2,000 

.0142 

.0002 

E  (600-2,000)  ==2,778,000   pounds   per  square 
inch. 

62,030 

2,200 

.0169 

.0003 

66.760 

2,400 

.0174 

.ooa^ 

Longitudinal  crack  at  one  end  of  prism. 

61,490 

2,600 

.0188 

.0006 

66.220 

2,800 

.0205 

.0008 

70,950 

3,000 

.0220 

.0010 

E    (500-3,000)  =  2,809,000  pounds   jK^r  square 
inch. 

76,680 

3,200 

.0238 

.0011 

80,410 

3.400 

.0265 

.0016 

116,100 

4,910 

Ultimate  strengtli. 

An  examination  of  the  f mgments  of  the  prism  after  the  test  showed 
an  effervescence  when  treated  with  acid  in  the  vicinity  of  the  trans- 
verse cracks  previously  noted.  From  this  result  it  is  inferred  that 
minute  cracks  existed  in  the  surface  of  the  prism  prior  to  loading, 
which  penetrated  to  a  depth  of  i"±. 


CEMENT   AND   MORTAB.       ELASTIC   PROPERTIES. 

No.  1467. 

Marks,  ^  'March  7. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging,  20  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Weight  per  cubic  foot,  134  pounds. 

Dimensions,  24".00X  3".89x  6".01. 

Sectional  area,  23.38  square  inches. 

Gauged  length,  20". 
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Applied  loads.              In  gauged  length. 

RemarkB. 

Total. 

Per  Houarc 
incn. 

Compres- 
sion. 

Set. 

Pounds. 
2,338 
4,676 
7,014 
9,362 
11,690 
14,028 
16.366 
18,704 
21,042 
23,380 
28,056 
32,732 
37,408 
42.084 
46,760 

Pounds. 

100 

200 

300 

400 

600 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

Inch. 

0. 
.0007 
.0012 
.0019 
.0027 
.0036 
.0044 
.0061 
.0058 
.0067 
.0081 
.0097 
.0112 
.0127 
.0141 

Inch. 
0. 
0. 
0. 

-.0001 
-.0001 
-.0001 
0. 
0. 
0. 
f  .0001 
.0001 
.0002 
.0004 
.0005 
.0006 

Initial  load. 

One  transverae  crack  visible. 

E  (500-2,000)  =2,804,000  pounds  per  square  Inch. 

Test  discontinued. 


No.  1467a. 

Test  resumed  after  an  interval  of  5  months. 
Ends  faced  with  neat  cement  at  present  test, 
the  ends  were  faced  with  plaster  of  paris. 


On  former  occasion 


Applied  loads. 

In  gauged  length. 

Kemarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Pounds. 
2,338 
11.690 
23,380 
37.408 
46,760 
61,436 
56. 112 
70.140 
81,830 
93.520 
105,210 
116,900 
93,620 

199,800 

Pounds. 
100 
500 
1,000 
1,600 
2,000 
2,200 
2,400 
3,000 
3,500 
4,000 
4,500 
5,000 
4,000 

8,650 

Inch. 

0. 
.0031 
.0056 
.0091 
.0118 
.0129 
.0143 
.0183 
.0218 
.0252 
.0289 
.03;« 

Inch. 

0. 

0. 
.0001 
.00(M 
.0006 
.0006 
.0006 
.0009 
.0012 
.0017 
.0022 
.0028 

Micrometer  reset  at  zero. 

£  (500-2,000)  :=3.659,000  pounds  per  square  inch. 

Load  left  on  prism  19  hours,  at  the  end  of  which 
interval  there  was  found  a  total  load  of  76^000 
pound8=3.250  pounds  per  square  inch.  The 
loads  were  then  increased  until  rapture  took 
place. 

Ultimate  strength. 
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CEMENT   AND   MORTAR.        ELASTIC   PROPERTIES. 


No.  1470. 

Marks,  -^  March  12. 

Composition:  Star  Portland  cement,  without  plaster,  neat. 
Water  used  in  gauging,  28.1  per  cent  of  cement. 
Age,  set  in  air,  1  month. 
Weight  per  cubic  foot,  126.5  pounds. 
Dimensions,  23". 98X3".  87x6". 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 

A  number  of  oblique  cracks  were  found  at  corners  of  prism  when 
mold  was  stripped. 


Applied  loads. 

In  ganged  length. 

Remarkfl. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Inch. 

Set. 

Pounds. 

Pounds. 

]nch. 

2,822 

100 

0. 

0. 

Initial  load. 

41644 

200 

.0013 

0. 

6.966 

300 

.0026 

.0001 

9,288 

400 

.0012 

.0001 

11,610 

500 

.0060 

.0004 

13,982 

600 

.0077 

.0006 

16,264 

700 

.0095 

.0009 

18,676 

800 

.0115 

.0013 

20,898 

900 

.0135 

.0017 

23,220 

1,000 

.0162 

.0021 

27,864 

1,200 

.0191 

.0030 

9  fine  trnnsverBe  cracks  visible. 

82,508 

1,400 

.0230 

.0040 

37,152 

1,600 

.0279 

.0066 

41.796 

1,800 

.0321 

.0071 

46,440 

2,000 

.0370 

.0091 

K  (500-2,lX)0)  1,345,000  poundx  per  square 

inch. 

51,084 

2,200 

.0418 

.0111 

56,728 

2,400 

.0470 

.0132 

60.372 

2,600 

400 

800 

1,200 

1,600 

.0630 

.0212 
.0279 
.0342 

.0168 

.0400 

2,000 

1.600 

1,200 

800 

400 

3,800 

.0456 

.(M19 
.0370 

.0314 
.0245 

.0696 

.0176 
.0208 

65,016 

69,660 

3,000 

.0670 

.0246 
.0220 

After  resting  under  initial  load  1  hour. 

400 

800 

1,200 

1,600 

.0271 
.0338 
.0400 

.0459 

2,000 
1,600 
1,200 

.a%20 

.0482 

.0434 

800 
400 

.0379 
.0309 

After  resting  5  minutes. 



.0238 
.0233 

.0288 

74,304 

8,200 

.0738 

78,948 

8,400 

.0654 

.0367 
.0348 
.0346 

After  resting  5  minutes. 
After  resting  10  minutes. 

CEMENT   AND  MORTAB.       ELASTIC   PROPERTIES. 
No.  14:70— Continued. 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Founds. 

Pounds. 

400 

800 

1,200 

1,600 

2,000 

2,400 

2.800 

2,400 

2.000 

1,600 

1,200 

800 

400 

Inch. 
.0897 
.0465 
.0530 
.0591 
.0650 
.0715 
.0775 
.0744 
.0714 
.0670 
.0620 
.0560 
.0481 

Inch. 

After  resting  5  minutes. 
Alter  resting  10  minutes. 

After  sustaining  1o)«l  5  minutes. 
After  sustaining  'oil  10  minutes. 
After  sustaining  ioa<l  I'l  minutes. 
After  sustaining  load  20  minutes. 
After  sustaining  load  25  minutes. 

After  resting  5  minutes. 
After  resting  10  minutes. 

After  sustaining  load  5  minutes. 
After  sustaining  load  10  minutes. 
After  sustaining  load  15  minutes. 
After  sustaining  load  20  minutes. 
After  sustaining  load  25  minutes. 
After  sustaining  load  30  minutes. 
After  sustaining  load  85  minutes. 
After  sustaining  load  40  minutes. 
After  sustaining  load  45  minutes. 
After  susteining  load  60  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  1  hour  10  minutes. 
After  sustaining  load  1  hour  20  minutes. 
Load  left  on  prism  at  night. 
Load  found  on  prism  in  the  morning,  15  hours 
later. 

After  sustaining  load  5  minutes. 



.0408 
.0891 
.0387 

2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
100 
100 
100 
2.800 
2,800 
2,800 
2,800 
2,80u 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,000 
1,480 

2.000 
2.800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2.800 
2,800 
2,800 
2,800 
2.800 
2,800 

.0786 
.0820 
.0830 
.0841 
.0848 
.0854 

.. 

.0461 
.0439 
.0432 

:::::::::::. 



.0887 
.0859 
.0868 
.0878 
.0882 
.0887 
.0891 
.0896 
.0900 
.0904 
.0909 
.0916 
.0921 
.0925 
.0846 



46,440 
84,400 

46,440 
65,016 

.0893 
.0976 
.0984 
.0989 
.0994 
.0998 
.1001 
.1006 
.1009 
.1017 
.1025 
.1032 
.1039 
.1046 
.1062 

After  sustaining  load  30  minutes. 

After  sustaining  load  20  minutes. 

After  sustaining  load  30  minutes. 

After  sustaining  load  40  minutes. 

After  sustaining  load  50  minutes. 

After  sustaining  load  1  hour. 

After  sustaining  load  1  hour  30  minutes. 

After  sustaining  load  2  hours. 

After  sustaining  load  2  hours  30  minutes. 

After  sustaining  load  3  hours. 

After  BusUinlng  load  3  hours  80  minutes. 

After  sustaining  load  4  hours  50  minutes. 

:::::::::;:: 
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CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 


Specimen  removed  from  the  machine. 

Test  resumed  after  resting  without  load  21  hours. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,322 

Pounds. 

100 

1,000 

2.000 
2.800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2.800 
2.800 
2,740 

2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
3.000 
3,200 
3,400 

Inch. 
0. 
.0128 

.0243 
.0837 
.0369 
.0366 
.0875 
.0381 
.0396 
.0415 
.0430 
.0444 
.0457 
.0470 
.0472 
.0576 

.0582 
.0685 
.0589 
.0594 
.0600 
.0604 
.0605 
.0623 
.0644 
.0668 
.0671 

Inch. 
0. 

Initial  load.    Micrometer  reset  at  zero. 
There  are  numerous  oblique  cracks  and 
longitudinal  crack  in  prism. 

After  sustaining  load  5  minutes. 
Alter  sustaining  load  10  minutes. 
After  sustaining  load  2U  minutes. 
After  sustaining  load  SO  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  8  hours. 
After  sustaining  load  4  hours. 
After  sustaining  load  5  hours. 
After  sustaining  load  6  hours. 
Load  left  on  prism  at  night. 
Load  found  on  prism  in  the  morning,  15  h 
26  minutes  later. 

After  sustaining  load  30  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  3  hours. 
After  sustaining  load  4  hours. 
After  sustaining  load  4^  hours. 

After  2  minutes. 

Do. 

Do. 

Do. 
After  4  minutes. 
Ultimate  strength. 

one 
Durs 

65.016 
63,600 

65,016 

69.660 
74,804 
78,948 

100 

.0285 
.0273 

3,400 

.0671 
.0681 

100 

.0280 
.0271 
.0266 

94,800 

4,080 

CEMENT    AND   MORTAB.       ELASTIC    PROPERTIES. 
No.  1469. 

Marks,  W'H.  March  10. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.2  per  cent  of  cement. 

A^e,  set  in  air,  1  month. 

W  eight  per  cubic  foot,  137  pounds. 

Dimensions,  23".99x  3".88X  6".01. 

Sectional  area,  23.32  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch, 

2,332 

100 

0. 

0. 

Initial  load. 

4,664 

200 

.0006 

0. 

6,996 

300 

.0011 

0. 

9,328 

400 

.0016 

0. 

11,660 

500 

.0021 

-.0001 

13,992 

600 

.0027 

-.0001 

16,324 

700 

.0034 

-.0001 

18,666 

800 

.0038 

-.0003 

20,988 

900 

.0043 

-.0003 

23,320 

1.000 

.0048 

-.0008 

27,984 

1,200 

.0057 

-.0004 

32,648 

1,400 

.0066 

-.0005 

37, 312 

1,600 

.0076 

-.OOft^i 

41,976 

1.800 

.0086 

.0005 

46.640 

2,000 

.0096 

-.0005 

E  (500-2,000) -3,797,000  pounds  persquarelnch. 

51,3(M 

2,200 

.0106 

-.0004 

65,968 

2,400 

.0116 

-.OOW 

60,632 

2,600 

.0128 

-.0003 

65,296 

2,800 

.0140 

-.0002 

69,960 

3,000 

.0153 

0. 

Test  discontinued. 

No.  1469ff. 
Test  resumed  after  an  interval  of  6  months. 


Applied  loadi<. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compre.H- 
sion. 

Set. 

Pounds. 
2,332 
11.660 
23,320 
37,312 
46,640 
60,632 
69,960 
83.952 
93,280 

107,272 
116,600 
130,592 
139,920 

153, 912 
163,240 
185,000 

I^undfi. 
100 
500 
1,000 
1,600 
2,000 
2,600 
3,000 
3.600 
4,000 

4,600 
5,000 
5,600 
6,000 

6,600 
7,000 
7,930 

Inch. 

0. 

.0025 
.0056 
.0093 
.0119 
.0157 
.0185 
.0225 
.0265 

.0299 
.0331 
.0378 
.0418 

.0476 
.0519 

Inch. 

0. 

0. 
.0008 
.0007 
.0009 
.0011 
.0018 
.0017 
.0020 

.0025 
.0028 
.0036 
.0044 

.0065 
.0066 

Micrometer  reset  at  zero. 

E  (500-2,000)  ==3,529,000  pounds  per  square  Inch. 

£   (2JOOO-4,000) =3,200,000  pounds  per  square 

E  (4.000-6,000)  =2,878,000   pounds  per  square 
Inch. 

Ultimate  strength. 
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OEMJSin?   AND   HOBTAB.       ELASTIC  PBOPEBTIES. 


No.  1475. 
Marks,  W'H.  April  30. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.2  per  cent  of  cement. 
Age,  set  in  water,  1  month.     (First  day  in  air.) 
W  eight  per  cubic  foot  (immediately  after  being  taken  from  the  water), 
137.5  pounds. 

Dimensions,  24".10 X  3".87 X  6".09 
Sectional  area,  23.57  square  inches. 
Gauged  length,  20". 


1        Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  8a  uare 
incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds, 

Inch. 

Inch. 

2,867 

100 

0. 

0. 

Initial  load. 

4.714 

200 

.0002 

0. 

7,071 

300 

.0006 

-.0001 

9,428 

400 

.0010 

-.0001 

11,785 

600 

.0015 

-.0001 

14,142 

600 

.0021 

-.0001 

16,499 

700 

.0026 

-.0001 

18,866 

800 

.0031 

-.0001 

21,213 

900 

.0037 

-.0001 

28.670 

1,000 

.0041 

-.0001 

28,284 

1,200 

.0062 

-.0001 

32,998 

1,400 

.0062 

-.0002 

87,712 

1,600 

.0072 

-.0002 

42,426 

1,800 

.0081 

-.0002 

47,140 

2,000 

.0090 

-.0002 

£   (500-2,000) «8,947,000   pounds   per    squai^ 
inch. 

61,864 

2,200 

.0097 

-.0004 

66,668 

2.400 

.0106 

-.0003 

61,282 

2,600 

.0115 

-.0003 

65,9% 

2,800 

.0124 

-.0003 

70,710 

3,000 

.0134 

-.0002 

No.  1475a. 

Prism  rotated  one-half  turn,  was  readjusted  in  the  machine  and 
readings  repeated  as  follows: 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds, 

POUTldS. 

Inch. 

Inch. 

2,357 

100 

0. 

0. 

4,714 

200 

.0006 

-.0001 

7,071 

800 

.0009 

-.0001 

9.428 

400 

.0014 

-.0001 

11,785 

800 

.0019 

-.0001 

14, 142 

600 

.0024 

-.0001 

16.499 

700 

.0080 

-.0001 

18,866 

800 

.0036 

-.0001 

21,213 

900 

.0041 

-.0001 

23,670 

1,000 

.0047 

-.0001 

28,284 

1,200 

.0069 

-.0001 

82,998 

1.400 

.0070 

-.0001 

87,712 

1,600 

.0081 

0. 

42,426 

1,800 

.0092 

0. 

47,140 

2,000 

.0104 

-l-.OOOl 

51,854 

2,200 

.0116 

.0001 

66,568 

2,400 

.0129 

.0002 

61,282 

2,600 

.0148 

.0003 

65,996 

2,800 

.0156 

.0004 

70,710 

8,000 

.0171 

.0006 

Remarks. 


Initial  load. 


E   (500-2.000) -i8,614.000    pounds  per    square 
Inch. 


Test  discontinued.     Prism  returned  to  the  water  bath. 


OEM£NT  AND  MOBTAB.       ELASTIC  FBOPEBTIES. 
No.  1475*. 
Test  resumed  after  an  interval  of  i  months. 
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Applied  loAds. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds. 
2,367 
11,785 
23,670 
37,712 
47,140 
61,282 
70,710 
84,852 
94,280 

108,422 
117,850 
131,992 
141,420 

166,562 
164,990 

Pounds. 
100 
500 
1,000 
1,600 
2,000 
2,600 
8,000 
3,600 
4,000 

4,600 
5,000 
6,600 
6,000 

6,600 
7,000 

1,000 
2.000 
a,  000 
4,000 
5,000 
6,000 
6,000 
4,000 
3,000 
2,000 
1,000 

9,180 

Inch. 

0. 

.0020 
.0044 
.0073 
.0093 
.0122 
.0143 
.0172 
.0194 

.0226 
.0250 
.0283 
.0310 

.0348 
.0377 

.0060 
.0110 
.0161 
.0218 
.02^4 
.0830 
.0282 
.0231 
.0180 
.0128 
.0074 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0002 
.0004 

.0006 
.0007 
.0010 
.0012 

.0014 
.0018 

Micrometer  renet  at  zero. 

E  (500-2,000)  »4.110,000  pounds  per  square  inch. 

E(2,00CM,000)  =4,124,000  pounds  per  square 
inch. 

E  (4,000-6,000)-3,704,000  pounds   per  square 
inch. 

Ultimate  strength. 

.0026 

216,400 
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CEMENT    AND   MORTAR.       ELASTIC    PROPERTIED. 


No.  1454. 

Marks,  W'H.  Sept.l8. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  21  aays. 

Weight  per  cubic  foot,  136.1  pounds. 

Dimensions,  23".98x3".87x6".02. 

Sectional  area,  23.39  square  inches. 

Gauged  length,  20". 


Applied  loadH. 

In  gauged  length. 

1 

Remarks. 

Total. 

Per  Miuare 
Incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pound*. 

Inch. 

Inch. 

2,339 

100 

0. 

0. 

Initial  load. 

4.678 

200 

.0006 

0. 

7,017 

800 

.0012 

0. 

9,356 

400 

.0018 

0. 

11,695 

600 

.0024 

.0001 

14,034 

600 

.0030 

.0002 

16,373 

700 

.0036 

.0002 

18, 712 

800 

.0042 

.0002 

21,051 

900 

.0018 

.0002 

23,390 

1,000 

.OOM 

.0008 

28.068 

1,200 

.0068 

.0003 

82,746 

1,400 

.0080 

.0004 

37, 424 

1,600 

.0092 

.0004 

42,102 

1.800 

.0106 

.0005 

46,780 

2,000 

.0117 

.0006 

E  (500-2,000)  =.3.409,000  pounds  per  §qiiare  inch. 

61,458 

2,200 

.0131 

.0006 

56,136 

2,400 

.0142 

.0007 

60,814 

2,600 

.0157 

.0008 

65,492 

2,800 

.0172 

.0009 

70, 170 

8,000 

.0184 

.0011 

74,848 

3,200 

.0200 

.0012 

79,526 

3,400 

.0214 

.0013 

84,2(M 

8,600 

.0230 

.0016 

88.882 

3,800 

.0246 

.0017 

98,560 

4,000 

.0262 

.0022 

K   (2,000-4,000) »8. 101.000  pounds  per  square 
inch. 

98.238 

4,200 

.0279 

.0024 

102,916 

4,400 

.0298 

.0027 

107,594 

4,600 

.0317 

.0032 

112,272 

4,800 

.0333 

.0035 

116,950 

5.000 

.0353 

.0039 

116,950 

6.000 

Load  left  on  prism  at  evening. 

85,400 
186,800 

3,650 

.'.'.'.'.'.'..'.,'.'. 

Load  found  on  prism  in  the  morning,  16  hours 

7,990 

later. 
Ultimate  strength. 

CEMENT    AND   MORTAR.       ELASTIC    PROPERTIES. 

No.  1455. 
Marks,  W'H.  Oct.  6. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.3  per  cent  of  cement. 
Age,  set  in  air,  7  (&ys. 
Weight  per  cubic  foot,  135.3  pounds. 
Dimensions,  24".20x3".86x6".05. 
Sectional  area,  23.35  square  inches. 
Gauged  length,  20". 
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Applied  loads. 

In  gauged  lengtli. 

Remarks. 

Total. 

Per  square 
inch. 

C/ompres- 
sion. 

Set. 

Pound*. 

POUHfU. 

Inch. 

Inch. 

2,33ft 

100 

0. 

0. 

Initial  load. 

4,670 

200 

.0006 

0. 

7,(X)5 

300 

.0014 

0. 

9,340 

400 

.0021 

0. 

11,675 

500 

.0027 

0. 

14,010 

600 

.0033 

0. 

16,345 

700 

.0040 

0. 

18,680 

800 

.0046 

0. 

21,015 

900 

.0a52 

.0001 

23.;»0 

1,000 

.0059 

.0001 

•28,020 

1,200 

.0072 

.0001 

:«.690 

1.400 

.0085 

.0001 

37,360 

1,600 

.0099 

.0001 

42,030 

1.800 

.0112 

.0002 

46,700 

2,000 

.0126 

.0003 

E  (500-2,000)  =3,125,000  pounds  per  square  inch. 

51,370 

2,200 

.0143 

'.0005 

56,  (MO 

2,400 

.0157 

.0006 

60,710 

2,600 

.0172 

.0008 

fK5. 380 

2,800 

.0186 

.00(^ 

70, 050 

3,000 

.0205 

.0013 

74,720 

3.200 

.0220 

.0015 

79,390 

3,400 

.0239 

.0017 

W,060 

3,600 

.0256 

.0020 

88,730 

3,800 

.0276 

.0024 

93,400 

4,000 

.0300 

.0027 

E  (2,000-1.000)  -2,667,000  pounds  per  square  Inch. 

98,070 

4,200 

.0326 

.0035 

C'racks  along  edge. 

102. 740 

4,400 

.0353 

.OOU) 

107.410 

4,600 

.0382 

.0019 

112,080 

4,800 

.0105 

.oor.8 

116, 7.% 

6,000 

.W35 

.0068 

116.750 
89,700 

5;  000 
3,840 

Load  left  on  prism  at  evening. 

lioad  found  on  prism  in  the  morning,  16  hours 

later. 
Ultimate  .strength.  Age  when  fractured, 8 days. 

139,200 

5,960 
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CEMENT  AND  MORTAR.   ELASTIC  PROPERTIES. 


No.  1456. 
Marks,  W'H.  Oct.  18. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.3  per  cent  of  cement. 
Affe,  set  in  air,  2  da^'s. 
Weight  per  cubic  foot,  137  pounds. 
Dimensions,  24".  11 X  3".  84  X  6".  04. 
Sectional  area,  23.19  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

! 

Remarks.                                  ' 

Total. 

Per  square 
inch. 

CompreH- 
sion. 

Set. 

Pounds. 

Powids. 

Inch. 

Inch. 

2,319 

100 

0. 

0. 

Initial  load. 

4,638 

200 

.0005 

0. 

6,967 

300 

.0009 

0. 

9,276 

400 

.0014 

0. 

11.596 

500 

.0020 

0. 

13, 914 

600 

.0026 

0. 

16,233 

700 

.0032 

0. 

18,562 

800 

.0039 

0. 

20,871 

900 

.0045 

0.    . 

28,190 

1,000 

.0051 

0. 

27,828 

1,200 

.0063 

.0001 

32,466 

1,400 

.0076 

Micrometer  disturbed. 

61,018 

2,200 

.0116 

-  .0006 

E  (500-2,200)  =3,366,000  pounds  per  square  inch. 

66,656 

2,400 

.0128 

-  .0004 

60,294 

2,600 

.0144 

-  .0001 

64,932 

2,800 

.0156 

0. 

68,570 

3,000 

.0170 

+  .0001 

74,208 

3,200 

,0184 

.0008 

78,846 

3,400 

.0202 

.0006 

83,484 

3,600 

.0220 

.0010 

88,122 

8,800 

.0238 

.0013 

92,760 
97,398 
102,036 

4,000 
4,200 
4,400 

.0254 
0273 

.0015 
.0019 
.0024 

K  ( 500-4.000)  »3, 196,000  pounds  per  square  inch. 

.0296 

106,674 

4,600 

.0325 

.0035 

111,312 

4,800 

.0845 

.0038 

116,960 

5,000 

[Tltimate  strength. 

OlMENT    AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1457. 

Marks,  W'H.  Oct.  21. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Affe,  set  in  air,  25  hours. 

Weight  per  cubic  foot,  136.7  pounds. 

Dimensions,  24".  10  X  3". 80  X  6". 05. 

Sectional  area,  22.99  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Com- 
pression. 

Set. 

Ptmndt. 

Pounds. 

Inch. 

Inch. 

2.299 

100 

0. 

0. 

Initial  load. 

4,698 

200 

.0006 

0. 

6,897 

300 

.0013 

.0002 

9,196 

400 

.0019 

.0002 

11,495 

500 

.0026  . 

.0002 

13,794 

600 

.0033 

.0004 

16,093 

700 

.0039 

.0006 

18,392 

800 

.0(M6 

.0005 

20,691 

900 

.0053 

.0006 

22.990 

1,000 

.0059 

.0006 

25,289 

1,100 

.0066 

.0006 

27.588 

1,200 

.0074 

.0007 

29.887 

1.300 

.0060 

.0007 

32.186 

1,400 

.0087 

.0008 

34,485 

1,500 

.0096 

.0009 

36,784 

1,600 

.0102 

.0010 

41.382 

1,800 

.0117 

.0011 

45,980 

2.000 

.0131 

.0013 

E  (500-2.000)  »3,168,000  pounds  persquare  inch. 

50,578 

2,200 

.0147 

.0015 

65.176 

2.400 

.0165 

.0018 

59,774 

2,600 

.0181 

.0020 

64,372 

2,800 

.0197 

.0023 

68.970 

3.000 

.0216 

.0025 

73,568 

3,200 

.0296 

.0029 

78,166 

3,400 

.0260 

.0084 

82,764 

3,600 

.0283 

.0040 

E  (500-3.600)  =^2.818.000  pounds  per  square  inch. 

106,400 

4,690 

Ultimate  strength. 

GLASS.  617 

Glass. 

tbansvebse  tests. 

Lights  of  common  window  glass  supported  at  the  ends  and  loaded 
at  the  middle. 


Liength,  ^  feet  6  inches. 
Depth,  .121  inch. 
Width,  4.95  inches. 
Span,  2  feet. 


Totalload 
at  middle. 

Deflec- 
tions. 

Succemive 
deflections. 

Set. 

Kemarkii. 

Poundt. 
1.6 
2.0 
2.5 
8.0 
3.6 
4.0 
4.6 
6.0 
5.5 
6.0 
6.6 
7.0 
7.6 

Inch. 

0. 
.0198 
.0850 
.0634 
.0717 
.0909 
.1099 
.1288 
.1480 
.1667 
.1860 
.2047 
.2289 

Inch. 

0. 

,0193 
.0167 
.0184 
.0183 
.0192 
.0190 
.0189 
.0192 
.0187 
.0193 
.0187 
.0192 

Inch. 

IniUal  load. 
Glaa  ruptured. 

0. 

.0008 

Modulus  of  rupture,  3,730  pounds  per  square  inch.     Modulus  of 
elasticit}'  (between  4  and  7  pounds),  10,300,000  pounds  per  square  inch. 

Length,  2  feet  2  inches. 
Depth,  .119  inch. 
Width,  5.02  inches. 
Span,  2  feet. 


Total  load 
at  middle. 

Deflec- 
tions. 

Successive 
deflections. 

Sets. 

Remarks. 

Poundt. 
1.6 
2.0 
2.6 
8.0 
8.6 
4.0 
4.6 
6.0 
6.6 
6.0 
6.0 
6.0 

Inch. 

0. 

.0186 
.0814 
.0488 
.0671 
.0658 
.1086 
.1217 
.1400 
.1683 
.1699 
.1695 

Inch. 

0. 

.0186 
.0179 
.0174 
.0188 
.0182 
.0182 
.0182 
.0188 
.0188 
.0016 

Inch. 

Initial  load. 

After  18  hours  under  6  pounds  load. 

.0007 

.0011 

Glass  ruptured  21  hours  after  the  6-pound  load  was  applied — 3  hours 
after  the  last  set  was  taken. 

Modulus  of  rupture,  3,040  pounds  per  square  inch.  Modulus  of 
elasticity  (between  3  and  6  pounds),  11,190,000  pounds  per  square  inch. 


DOOGLAS  FIR  AND  WHITE  OAK  WOODS. 


TRANSVERSE  AND  SHEARING  TESTS;   AI^O  OBSERVATIONS  ON  HEAT 
CONDUCTIVITY  OF  STICKS  OVER  WOOD  FIRES  AND  A  STICK 
EXPOSED  TO  LOW  TEMPERATURE.     EXPANSION  CROSS- 
WISE THE  GRAIN  OF  WOOD  AFTER  SUBMERSION. 
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DOUGLAS   FIR   AND    WHITE    OAK    WOODS. 

Douglas  Fib  Wood, 
details  of  transverse  tests. 
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No.  717. 
Marks,  7.     (First  specimen.) 
Length,  12  feet. 
Breadth,  7".69. 
Depth,  7".  68. 

Weight,  155  pounds.     Weight  per  cubic  foot,  32.33  pounds. 
Rate  of  growth,  12  rings  per  inch. 


1 

4: 


./•' • 


TT 


if 


iO' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 


Total. 


Maximum 

fiber  stress  | 

per  square 

inch. 


Pimnd*. 
500 

PtmnA: 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8.000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17.000 

27,800 

11,470 

Deflec- 

tiOIlN. 


Intha. 
0. 

.087 
.110 
.179 
.252 
.324 
.896 
.4A8 
.541 
.615 
.687 
.764 


.909 

.964 

1.059 

1.142 

1.222 


Succeflslve 
deflec- 
tions. 


Inch. 
0. 

.087 
.073 
.009 
.078 
.072 
.074 
.070 
.078 
.074 
.072 
.077 
.074 

.071 
.075 
.075 
.068 
.080 


Deflection 


Inch. 


.002 

'.im 


.006 

'.ink' 
.'6ii* 


.017 


Remarks. 


Initialed. 


£  (2,000-12,000)-1,825,000  pounds 
per  square  inch. 


Ultimate  strength. 


Splintering  fracture  on  the  tension  side,  with  crushing  of  the  fibers 
on  the  compression  side  in  the  vicinity  of  the  middle  shoe. 
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No.  734. 

Marks,  7.     (Second  specimen.) 

Length,  8.23  feet. 

Breadth,  7".37. 

Deijth,  7".44. 

Weight,  112  pounds.     Weight  per  cubic  foot,  35.72  pounds. 

Rate  of  growth,  12  rings  per  inch. 


\^ 


i 


Ends  supported  7.5  feet  apart.     Lioaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Total. 

flber  stren 

Remarks. 

Powndt. 
-  600 

1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9.000 
10,000 
11,000 
12,000 

13,000 
14,000 
15.000 
16,000 
17.000 
18.000 
19.000 
20,000 
86,600 

Pound». 

Inch. 
0. 

.014 

.047 

.079 

A.  Ill 

~.148 

Inch. 
0. 

.014 
.088 
.082 
.032 

Inch. 

Initial  load. 



.002 

1 

.004 

£  (2,000-12,000) -1,948,000  pounds 
per  square  inch. 

.175    '            .032 

.006 

.206                .031 
.288    ,            .032 

.006 

.269             oai 

.300 
.882 
.865 

.895 

.081 
.082 
.083 

.080 
.082 
.036 
.083 

OS.*) 

.009 

.011 

.427 

.018 

.... 

.463 
.4% 
.581 

.014 

.563    ,           .082 
.597                .034 
.628               .031 

.017 

12,110 

1 

Beam  fractured  on  the  tension  side,  followed  by  shearing  along  the 
grain. 


DOUGLAS   FIB   AND   WHITE    OAK   WOODS. 

No.  718. 
Marks,  12. 
Length,  12  feet. 
Breadth,  7".57. 
Depth,  7".  54. 

Weight,  159  pounds.     Weight  per  cubic  foot,  33.43  pounds. 
Rate  of  growth,  11  rings  per  inch. 
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I 

-a 

y/' 

*  ti**- 

./;•'• 

1 

n 

TT 

Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loodn. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 

Remarks. 

Total. 

Maximum 

flberHtress 

per  square 

inch. 

Pmtndt. 
600 
1,000 
2,000 
3,000 
4,000 
6.000 
6,000 
7,000 
8.000 
9,000 
10,000 
11,000 
12,000 

13,000 
14,000 
16,000 
16,000 
17,000 
23,900 

J\Mnd». 

Inches. 
0. 
.040 
.117 
.194 
.270 
.346 
.421 
.498 
.677 
.650 
.726 
.804 
.881 

.967 
1.042 
1.124 
1.211 
1.296 

Inch. 
0. 

.040 
.077 
.077 
.076 
.076 
.076 
.077 
.079 
.073 
.076 
.078 
.077 

.076 
.086 
.082 
.087 
.084 

Inch, 

IniUal  load. 

E  (2,000-12,000)  »1,777,000  poundn 
per  square  inch. 

Ultimate  strength. 

.008 

.006 

.009 

.012 

.016 

.018 

10,000 

Splintering  fracture  on  the  tension  side,  with  crushing  of  the  fibers 
on  the  compression  side  in  the  vicinity  of  the  middle  shoe. 
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DOUGLAS    FIR   AND    WHITE    OAK    WOODS. 
No.  707. 


Marks,  13. 
Length,  12  feet. 
Breadth,  5".50. 
Depth,  13".40. 


Weight,  211  pounds.     Weight  per  cubic  foot,  34.36  pounds. 
Rate  of  growth,  9  rings  per  incn. 


I 


-/5_ 

TT 

*#•» 

-^ 

10' 


Ends  supported  10  feet  apart.     Lioaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loadg. 

Deflec- 
tions. 

Succeteive 
deflec- 
tions. 

Deflection 
seta. 

RemarkB. 

Total. 

Mazimnm 

fiber  BtreM 

persquATe 

Inch. 

200 
1,000 
2,000 
8,000 
4,000 
6,000 
6.000 
7.000 
8,000 
9,000 
10,000 
11,000 

12,000 
13,000 
14,000 
15.000 
16,000 
17,000 
18,000 
19,000 
20,000 

21,000 

41,000 

PiMnd». 

Inch. 
0. 

.028 
.049 
.075 
.102 
.128 
.154 
.178 
.202 
.226 
.262 
.277 

.804 
.831 
.869 
.888 
.411 
.489 
.472 
.609 
.548 

Inch. 
0. 

.028 
.026 
.026 
.027 
.026 
.026 
.024 
.024 
.024 
.026 
.025 

.027 
.027 
.028 
.029 
.023 
.028 
.088 
.037 
.084 

Inch. 

Initial  load. 

E  (1,000-11.000)  =^1.285,000  poands 
per  square  inch. 

Shoe  at  middle  indented  the  wood 
i*.    Shoe  64*' wide  now  used. 

Shoe  indented  the  wood  i''.  Shoe 
W  wide  now  used. 

Ultimate  strength. 

7,470 

The  beam  fractured  on  the  tension  side,  3  feet  from  middle  of  len^h, 
extending  about  6  feet  diagonally  across  the  stick.  Shoe  at  miadle 
bearing  indented  the  wood  from  i"  to  f ". 


DOUGLAS   FIB   AND   WHITE   OAK    WOODS. 
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No.  720. 
Marks,  15.     (First  specimen.) 
Length,  11.07  feet. 
Breadth,  2".80. 
Depth,  7".65. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.98  pounds. 
Rate  of  growth,  23  rings  per  inch. 


I 


1 


/o' 


IT- 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


AppUed  loa<1ii. 

Deflec- 
tions. 

Snooewive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  stress 

PoundB. 
200 
400 
600 

Poundt. 

Inch. 
0. 

.088 
.075 
.111 
.151 
.838 
.518 
.695 

.871 
1.061 
1.100 
1.187 
1.188 
1.227 
1.277 

Inch, 
0. 
.088 
.087 
.066 
.040 
.182 
.180 
.182 

.176 
.190 
.069 
.087 
.046 
.044 
.050 

Inch, 

Initial  load. 

800 

£  (1.000-4,000)  »  1,918,000  pounds 
per  square  inch. 

1.000 
2,000 

.001 
.001 
.002 
.006 

.010 

3,000 
4,000 

5,000 
6,000 
6.200 
6,400 
6,600 
6,800 
7,000 
10.200 

11,200 

Ultimate  strength. 



Splintering  fracture   on   the  tension   side  of  the  beam, 
crushed  at  the  middle  bearing. 


Fibers 
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DOUGLAS   FIB   AND   WHITE   OAK    WOODS. 

Ko.  719. 


Marks,  15.     (Second  specimen.) 

Length,  11.06  feet. 

Breadth,  2".86. 

Depth,  r'.50. 

Weight,  56  pounds.     Weight  per  cubic  foot,  33.97  pounds. 

Rate  of  growth,  23  rings  per  inch. 

1 


90' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loedfl. 

Deflec- 
Uoxu. 

Successive 
deflec- 
tions. 

DeflecUon 

sets. 

1 

Total. 

Maximum 
fiber  atreiB 

Remarks. 

Poundt. 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4.000 
5,000 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
7,700 

Pounds. 

Inches. 
0. 
.089 
.078 
.116 
.162 
.889 
.532 

.717 
.907 
1.118 
1.160 
1.206 
1.266 
1.909 
1.888 

Inch. 
0. 

.089 
.089 
.088 
.066 
.187 
.196 

.186 
.190 
.211 
.042 
.046 
.060 
.058 
.069 

Indi. 

IniUal  load. 

.004 
.008 
.018 

.016 
.021 

E  (1.000-3,000)  :^- 1,930,000  pounds 
per  square  inch. 

8,610 

Ultimate  strength. 

1 

Split  along  the  grain  diagonally  from  near  the  middle  almost  to 
the  end. 


DOUGLAS    FIR   AND   WHITB   OAK   WOODS. 
No.  712. 

Marks,  22.     (Tested  perpendicular  to  rings  of  growtli.  j 

Length,  12.02  feet. 

Breadth,  4".  53. 

Depth,  4".  51. 

Weight,  61  pounds.     Weight  per  cubic  foot,  35.74  pounds. 

Rate  of  growth,  12  rings  per  inch. 

i 

_. a . 


TT 


le' 


■^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 
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Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

sets. 

Remarks. 

Total. 

fiber  strefls 

per  square 

inch. 

FowndA. 
200 
400 
600 

1,000 
1,600 
2,000 

2.600 
3,000 
8,600 
4,000 
4,900 

i\mnd«. 

Ineha, 
0. 

.066 
.186 
.867 
.604 
.827 

1.076 
1.812 
1.666 
1.809 

Inch. 
0. 

.086 
.049 
.282 
.227 
.288 

.248 
.287 
.248 
.264 

Inch. 

Initial  load. 

£  (1,000-2,000)  »2,a06,000    pounds 
per  square  inch. 

Ultimate  strength. 

.001 

.oio 

9,670 

Splintering  fracture  on  the  tension  side,  taking  a  diagonal  direction 
a  distance  of  about  3  feet. 
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No.  713. 

No.  22.     (Tested  parallel  to  rings  of  growth.) 

Length,  12  feet 

Breadth,  4".49. 

Dei)th,  4".50. 

Weight,  60  pounds.     Weight  per  cubic  foot,  35.63  pounds. 

Rate  of  growth,  12  rings  per  inch. 

I 


i^ 


i^ 


to* 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  IcMdi. 

Deflec- 
tions. 

SuooeiBiye 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Totel. 

Maximum 
fiber  Btrew 

^InX" 

POVMdB, 

200 

400 

600 

1,000 

1,600 

2,000 

2,600 
8,000 
4,600 

Fwayd*. 

Indna. 
.0 
.091 
.187 
.860 
.009 
.865 

1.100 
1.884 

Inch. 
0. 

.091 
.046 
.282 
.240 
.246 

.245 
.284 

Inch. 

Initial  loMl. 

£  ( 1,000-2,000)  »2,218,000  poiinda 
per  square  inch. 

Ultimate  strength. 

.001 

.011 

8,910 

Split  along  the  grain  diagonally,  beginning  at  middle  and  extending 
almost  to  the  end. 


DOUGLAS   FIR    AND    WHITE   OAK    WOODS. 

No.  708. 

Marks,  28. 

Length,  11.99  feet. 

Breadth,  5".52. 

Depth,  13".35. 

Weight,  207  pounds.     Weight  per  cubic  foot,  38.74  pounds. 

Rate  of  growth,  14  rings  per  inch. 
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e 


1 

./;- 

^— x»*- 

.'i'*' 

n 

n 

Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tnc  middle. 


Applied  loads. 

Deflec- 
tion*. 

RemarkB. 

Total. 

Maximum 
fiber  «tren 

tiomj.      1       ■«^- 

Pmmdt. 
600 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8.000 
9.000 
10,000 
11.000 
12,000 

18,000 
14,000 
16,000 
16,000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
26,000 
27.000 
28,000 
29.000 
30.000 
80,600 

48,000 

Pounds, 

Inch. 
0. 

.014 
.088 
.062 
.086 
.108 
.181 
.164 
.177 
.199 
.221 
.246 
.267 

.290 
.812 
.886 
.868 
.881 
.408 
.426 
.449 
.472 
.497 
.620 
.648 
.666 
.696 
.621 
.648 
.678 
.702 

Inch, 
0. 

.014 
.024 
.024 
.028 
.028 
.028 
.023 
.023 

Inch, 

Initial  load. 

E  (2,000-12»000)  =1.436.000  pounds 
per  square  inch. 

Load  remoyed  and  a  shoe  10" 
wide  put  in  place  at  middle 
bearinif. 

Ultimate  strength. 



'"::::::::: 

.022 
.022 
.024 
.022 

.023 
.022 
.024 
.022 
.028 
.022 
.028 
.028 
.028 
.025 
.028 
.028 
.028 
.029 
.026 
.027 
.026 

8,780 

1 

1 

Sheared  along  the  grain  in  thi*ee  places, 
compression  side  near  the  middle. 

H.  Doc.  886 34 


Fibers  crushed  on  the 
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DOUGLAS    FIR   AND   WHITE   OAK   WOODS. 

No.  714. 


Marks,  31.     (Tested  perpendicular  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".  90. 

Depth,  4".87. 

Weight,  67.5  pounds.     Weight  per  cubic  foot,  33.92  poundn. 

Rate  of  growth,  17  rings  per  inch. 

I 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loedfl. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

ToUl. 

Maximum 

fiber  Rtren 

per  square 

inch. 

Poundt. 
200 
600 

1,000 
1,600 
2,000 

2,600 
8,000 
8,600 
6,860 

Poundt. 

Inches. 
0. 
.120 
.827 
.688 
.746 

.966 
1.169 
1.881 

Inch. 
0. 
.120 
.207 
.206 
.213 

.210 
.218 
.212 

Inch. 

Initial  load. 

E   (1,000-2,000) -1.875,000  oouucU 
per  square  inch. 

Ultimate  strength. 

.006 

.018 

8,290 

1 ! 

Split  along  the  grain  diagonally,  beginning  on  tension  side. 


DOUGLAS   FIB   AND   WHITE   OAK    WOODS. 
No.  716. 

Marks,  31.     (Tested  parallel  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".81. 

Dei)th,  4".86. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.89  pounds.' 

Rate  of  growth,  17  rings  per  inch. 
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1 


TT — 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

SuocessiTe 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

ToUl. 

Maximum 
fiber  BtresB 

Pounds. 

200 

500 

1.000 

1,600 

2,000 

P&widt. 

Inches. 
0. 

.128 
.881 
.589 
.760 

.968 
1.177 
1.892 

Inch. 

0. 
.128 
.208 
.206 
.211 

.208 
.219 
.215 

Inch. 

Initial  load. 

E  (1.000-2,000)=1,885,000  pounds 
per  square  inch. 

Ultimate  struigth. 

.008 

.012 

2,600 
8,000 
8,500 
5,100 

8,080 

Split  along  the  grain  diagonally  from  middle  to  one  end. 
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DOUGLAS   FIR   AND   WHITB   OAK    WOODS. 

No.  716. 


Marks,  34.    (First  specimen.) 

Length,  12  feet. 

Breadtli,  3".80. 

Depth,  9".70. 

Weight,  91  pounds.     Weight  per  cubic  foot,  29.62  pounds. 

Bate  of  growth,  11  rings  per  inch. 

1 

J3. 


*  wJk^ 


a 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Defieo- 
tionfl. 

SuccesBive 
deflec- 
tiona. 

Deflection 
sets. 

Remarks. 

Total. 

fiber  Btren 

IknmdB. 
500 

Pounds. 

Inches. 
0. 

.057 
.117 
.178 
.229 
.286 
.844 
.408 
.461 
.519 
.577 
.686 

.696 

.757 

.822 

.885 

.948 

1.010 

1.084 

1.166 

Inch. 
0. 

.057 
.060 
.066 
.056 
.057 
.068 
.050 
.068 
.058 
.068 
.059 

.060 
.061 
.065 
.063 
.058 
.067 
.074 
.071 

InOL 

Initial  load. 

1,000 
1,600 
2,000 
2,500 
8,000 
8,600 
4,000 
4,600 
5.000 
5,500 
6,000 

6,500 
7,000 
7,500 
8.000 

g'SSS 
9,000 

9,500 

10,000 

18,800 

E   (2,000-6.000)^1.102,000    pounds 
per  square  inch. 

Ultimate  strength. 

.006 

.011 

.017 

.081 

6,960 

Splintering  fractures  on  tension  side  extending  half  the  depth  of  the 
beam.     Fibei*s  crushed  on  the  compression  side. 


DOUGLAS   FIR   AND   WHITB   OAK   WOODS. 

No.  736. 

Marks,  34.     (Second  specimen.) 

Length,  8.22  feet. 

Breadth,  3".78. 

Depth,  9".70. 

Weight,  63  pounds.     Weight  per  cubic  foot,  30.08  pounds. 

Kate  of  growth,  11  rings  per  inch. 
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I 


.  r. 


::? 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tiona. 

Snccetiiye 
deflec- 
tioiu. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  Btrem 
per^aare 

PttundB. 
1,000 
2.000 
3,000 
4,000 
5,000 
6,000 
7,000 
8.000 
9,000 
10.000 
11,000 
12,000 

18»000 
14.000 
28.300 

Pounda. 

Twh. 
0. 

.048 
.066 
.128 
.169 
.218 
.253 
.294 
.837 
.880 
.425 
.471 

Inch. 
0. 

.048 
.048 
.042 
.041 
.044 
.040 
.041 
.013 
.048 
.045 
.046 

Inch, 

Initial  load. 

E  (4,000-12.000)  =»1.2n,000  pounds 
per  square  inch. 

.006 

.009 

.018 

.512               .041 
.557               .046 

8.840 

TTUfmiit^  strength. 

1 

Beam  fractured  on  the   tension 
bearing. 


side.     Fibers  crushed  at  middle 


584  DOUGLAS   FIR   AND   WHITE   OAK   WOODS. 

No.  710. 

Marks,  40.     (First  specimen.) 

Length,  12  feet. 

Breadth,  8".70. 

Deijth,  11".16. 

Weight,*124  pounds.     Weight  per  cubic  foot,  36.04  pounds. 

^te  of  growth,  18  rings  per  inch. 


I 


I 


iO' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loads. 

Defleo- 
tions. 

Total. 

Maximum 

fiber  BtresB 

periiqiiare 

inch. 

Succeasiye 
deflec- 
tions. 

Deflection 
sets. 

Remarkfl. 

1 

600 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8.000 

9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
16.500 

7ncA. 
0. 

.027 
.061 
.184 
.186 
.241 
.292 
.860 
.408 

.458 
.510 
.662 
.614 
.668 
.721 
.769 
.828 

Inch. 
0. 
.027 
.054 
.058 
.062 
.065 
.051 
.058 
.058 

.058 
.052 
.062 
.062 
.054 
.058 
.048 
.050 

Inch. 

Initial  load. 

.004 

.006 

.012 

1 

.015 

E  (2,00(^000)  «1,025,000   pounds 
per  square  inch. 

.017 

.020 

.024 

Bested  1  hour  under  600  pouiuK 

.028 

6,460 

TTltimAte  strength.                         ' 

Cross  grained,  split  along  the  grain  diagonally  almost  from  end  tr 
end. 


DOUGLAS   FIR    AND    WHITE   OAK    WOODS. 
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No.  735.    ^ 
Marks,  40.    (Second  specimen.) 
Length,  8.16  feet. 
Breadth,  8".70. 
Depth,  11".  13. 

Weight,  77  pounds.     Weight  per  cubic  foot,  33  pounds. 
Rate  of  growth,  18  rings  per  inch. 


i[^ 


1 


f^ 


:3 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

SucceiBlTe 
deflec- 
UonB. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  Btrett 

Pounds. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
1         8,000 

Pwoids. 

Inch. 
0. 
.029 
.067 
.086 
.118 
.140 
.167 
.196 
.223 
.250 
.276 
.304 

.330 
.858 
.886 
.414 

Inch. 
0. 

.029 
.028 
.028 
.028 
.027 
.027 
.028 
.028 
.027 
.026 
.028 

.026 
.028 
.027 
.029 

Inch. 

Initial  load. 

£  ( 1,000-12,000) =1,842,000  pound.H 
per  square  inch. 

Cracked. 
Ultimate  strength. 

.004 

.007 

9J0OO 

1        10,000 

1        11,000 

12,000 

.010 

18,000 
14,000 
16,000 
16,000 

.016 

26,800 

7,890 

Split  along  the  gi*ain  diagonally  about  three-fourths  of  the  length  of 
the  oeam. 
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DOUGLAS    FIR   AND   WHITE   OAK    WOODS. 


No.  723. 

Marks,  46. 

Length,  12  feet. 

Breadth,  2".67. 

Dei)th,  7".48. 

Weight,  61  pounds.     Weight  per  cubic  foot,  36.67  pounds. 

Rate  of  growth,  12  rings  per  inch. 

i 


•v.'adix 


^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tae  middle. 


AppUed  loads. 

Deflec- 
tions. 

SuccessiTe 
deflec- 
Uons. 

Deflection 
sets. 

Remarka. 

Total. 

Maximum 
fiber  stress 

Pounds. 

200 

1,000 

2,000 

8,000 

4,000 
5.000 
6,000 
6,200 
6,400 
6,600 
6,800 

Pcmnds. 

Inches. 
0. 

.166 
.847 
.541 

.744 
.989 
1.189 
1.176 
1.217 
1.257 
1.800 
1.848 

Inch. 
0. 

.166 
.191 
.194 

.208 
.196 
.200 
.086 
.042 
.040 
.048 
.048 

Inch. 

Initial  load. 

.001 
.008 
.009 

.012 
.015 

E    (1,000^.000) -2,051.000     poondi. 
per  square  inch. 

7,000 
8,800 

10,610 

Ultimate  strength.                                | 

Fractured  on  the  tension  side  and  split  along  the  grain  toward 
end. 


one 


DOUGLAS   FIR   AND   WHITE   OAK    WOODS. 

No.  711. 

Marks,  48.     (First  specimen.) 

Length,  12  feet. 

Breadth,  5".  70. 

Depth,  7".48. 

Weight,  116  pounds.     Weight  per  cubic  foot,  32.37  pounds. 

Rate  of  growth,  14  rings  per  inch. 

1 
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-yr- 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Remark!. 

Total. 

Maximum 
fiber  BtresB 

tions.            *^*^- 

1 

Pounds, 

500 

1,000 

2,000 

PouwU, 

Inehe». 
0. 

.048 
.141 
.283 
.332 
.423 
.516 
.612 
.709 

.804 
.901 
1.004 
1.106 
1.245 

Inch. 
0. 

.048 
.093 
.092 
.099 
.091 
.093 
.096 
.097 

•ss 

.097 
.108 
.104 
.137 

Inch. 

Initial  load. 

£  (2,000-8,000)«1.987.000  pounds 
per  square  inch. 

Ultimate  strength. 

.006 

3,000 

4,000 

.010 

5,000 

6,000 
7,000 
8,000 

9,000 
10,000 

.012 

.018 

.014 

11,000 

12,000 

.026 

13,000 

18,900 

10,670 

Splintering  fracture  on  the  tension  side,  with  crushing  of  the  fibers 
at  tne  ends  of  the  middle  shoe. 


538  DOUGLAS    FIR   AND   WHITE    OAK   WOODS. 

No.  733. 

Marks,  48.     (Second  specimen.) 

Length,  8.2  feet. 

Breadth,  6".69. 

Dei)th,  7".47. 

Weight,.  78  pounds.     Weight  per  cubic  foot,  32.23  pounds. 

Rate  of  growth,  14  rings  per  inch. 


I 


"^H- 


^ 


Ends  supported  7.5  feet  apart.^    Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Succeadve 
deflec- 
tions. 

Deflection 
sets. 

Total. 

Maximum 
fiber  Btxees 

Remarkii. 

Pounds. 

600 

1,000 

2,000 

8,000 

4,000 

6,000 

6.000 

7,000 

8,000 

9.000 

10,000 

11,000 

12,000 

18,000 
14.000 
27,100 

Pounds. 

Inch. 
0. 
.028 
.066 
.109 
.162 
.191 
.286 
.276 
.819 
.860 
.408 
.446 
.489 

.681 
.676 

Inch. 
0. 
.028 
.043 
.048 
.048 
.089 
.044 
.041 
.048 
.041 
.048 
.042 
.044 

.042 
.044 

Inch. 

Initial  load. 

.002 

.006 

£(2,000-12,000) -1,874.000  pounds 
per  square  Inch. 

Ultimate  strength. 

.007 

.010 

.dis 

.016 

11,620 

Splintering  fracture  on  the  tension  side, 
middle  bearing. 


Fibers  crushed  at  the 


DOUGLAS    FIB   AND    WHITE   OAK    WOODS. 

No.  709. 
Marks,  52. 
Length,  12.02  feet. 
Breadth,  4".72. 
Deijth,  11".  51. 

Weight,  178  pounds.     Weight  per  cubic  foot,  39.25  pounds. 
Rate  of  growth,  7  rings  per  incn. 
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Ends  supported  10  feet  apart.    Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

SuceesHiTe 
deflec- 

tiODB. 

Deflection 

B*t8. 

Remarks. 

Total. 

Maximum 
fiber  BtroflB 

Pounds. 
500 
1.000 
2.000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000. 
11,000 
12,000 

13,000 
14.000 
15,000 
16,000 
17,000 
18.000 
19,000 
20,000 
21.000 
22,000 
28,000 
24,000 
25,000 
26,000 
27.000 
87.900 

Pounds, 

Inch. 
0. 

.017 
.060 
.061 
.114 
.146 
.176 
.206 
.287 
.268 

Inch. 
0. 
.017 
.088 
.081 
.088 
.031 
.031 
.090 
.031 
nsn 

Inch, 

Initial  load. 

.299    '           .081 

.880 
.861 

.392 

.081 
.081 

.081 

E  (2,000-12,000) -1,980,000  poundH    i 
per  §quare  inch.                             1 

.428    1           .081 
.  454    1            -  081 

.485 
.616 
.549 
.679 
.609 
.641 
.674 
.707 
.741 
.776 
.810 
.864 

.031 
.081 
.083 
.080 
.080 
.082 
.088 
.033 
.064 
.084 
.086 
.044 

Cracked. 
Ultimate  Rtrength. 

10,900 

Sheared  along  the  grain  nearly  the  whole  length  of  the  stick. 
Fibers  crushed  at  middle  bearing. 


540  DOUGLAS    FIR   AND   WHITE   OAK    WOOD6. 

No.  721. 

Marks,  69.     (First  specimen.) 
Length,  11.1  feet. 
Breadth,  2".78. 

Depth,  r'.eo. 

Weight,  60  pounds.     Weight  per  cubic  foot,  81.22  pounds. 
Bate  of  growth,  19  rings  per  inch. 


I 


l[ 


-«r3Kr 


to* 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loMlfl. 

Deflec- 
tions. 

deflec- 
tioiia. 

Deflection 

Bets. 

RenuirkR. 

ToUl. 

Mazlnmin 
fiber  stTOM 

200 

400 

600 

800 

1.000 

2.000 

8,000 

6,000 
6,200 
6400 

6,800 
6  000 
8,800 

limnd*. 

Ineha. 
0. 

.048 
.069 
.183 
.176 
.389 
.607 

.880 
1.049 
1.096 
1.148 
1.190 
1.236 
1.286 

0. 
.048 
.041 
.044 
.048 
.218 

Indk, 

Initial  load. 

.002 
cm 

.218               .018 
.228    1           -OlA 

£  (1.00O-S.O0O)»  1.717,000  pounda 
per  square  inch. 

.219 
.046 
.048 
.047 
.046 
.060 

.019 

10,060 

Split  along  the  grain  diagonally  from  middle  of  tension  side  to  about 
2  feet  from  one  end.     Fibers  crushed  in  vicinity  of  middle  bearing. 


DOUGLAS   FIR   AND   WHITS  OAK   WOODS. 

No.  722. 

Marks,  59.    (Second  specimen.) 

Length,  H.U  feet 

Breadth,  2".69. 

Depth,  7".76. 

Weight,  48  pounds.     Weight  per  cubic  foot,  29.71  pounds. 

Bate  of  growth,  19  rings  per  inch. 
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Ends  supported  10  feet  apart.    Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
timiB. 

SucceflsiTe 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  streflB 

PomtdB. 

200 

1,000 

2,000 

8,000 

4,000 

6,200 
6,400 
6,600 
6,800 
6,000 
8,600 

PouwU. 

Inehe$. 
0. 

.188 
.404 
.688 

.866 

1.106 
1.160 
1.211 
1.268 
1.881 
1.888 

Inch. 
0. 

.188 
.221 
.229 

.282 
.248 
.061 
.062 
.062 
.068 
.067 

Inch, 

Initial  load. 

E  (1,000^000)-I,688,000  poonds 
per  square  inch. 

Ultimate  strength. 

.001 
.002 
.004 

.007 

9,480 

Splintering  fracture  on  tension  side.    Fibers  crushed  in  vicinity  of 
middle  bearing. 
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DOUGLAS   FIK    AND   WHITE    OAK    WOODS. 

TABULATION  OF  TRANSVERSE  TESTS  OF  DOUGLAS  FIR  WOOD. 


Weight 

Dimensions. 

Modulus  Of— 

No. 

Rings 

of 

Marks. 

per 
cubic 
foot 

per 

Elasticity. 

Rup- 

Remarks. 

teet. 

inch. 

Breadth. 

Depth. 

Span., 

per 
square 

ture,  per 
square 

- 

FtmruU. 

inch. 

inch. 

1 

lnc^e8. 

Inches. 

Feet. 

Pounds. 

P&unds. 

717 

7 

82.38 

12 

7.69 

7.68 

10 

1,825,000 

11.470 

Fint  specimen. 
Second  specimen. 

734 

7 

35.72 

12 

7.87 

7.44 

7.6 

1,943,000 

12,110 

718 

12 

38.43 

11 

7.67 

7.54 

10 

1,777,000 

10.000 

707 

IS 

84.85 

9 

6.60 

18.40 

10 

1,286,000 

7,470 

720 

16 

88.98 

28 

2.80 

7.66 

10 

1,918,000 

11,200 

Second  specimen. 

719 

16 

88.97 

28 

2.86 

7.50 

10 

1,980,000 

8,610 

712 

22 

86.74 

12 

4.68 

4.61 

10 

2,806,000 

9,570 

Tested  perpendicu- 
lar   to    rings  of 
growth. 

713 

22 

85.63 

12 

4.49 

4.60 

10 

2,218,000 

8,910 

Tested  parallel   to 
rings  of  growth. 

708 

28 

33.74 

14 

6.62 

13.86 

10 

1,486,000 

8,780 

714 

31 

88.92 

17 

4.90 

4.87 

10 

1,876,000 

8,290 

Tested  perpendicu- 
lar  to    lings  of 
growth. 

716 

31 

88.89 

17 

4.81 

4.86 

10 

1,885,000 

8,080 

Tested  parallel  to 
rings  of  growth. 

716 

34 

29.62 

11 

8.80 

9.70 

10 

l,T<yj,000 

6.960 

First  specimen. 
Second  specimen. 

786 

34 

80.08 

11 

3.78 

9.70 

7.6 

1,2",  000 

8,840 

710 

40 

36.04 

18 

8.70 

11.16 

10 

1,         100 

6.460 

First  specimoi. 
Second  specimen. 

786 

40 

88.00 

18 

8.70 

11.13 

7.6 

1,          100 

7,890 

723 

46 

86.67 

12 

2.67 

7.48 

10 

2,          100 

10,610 

711 

48 

82.87 

14 

6.70 

7.48 

10 

1           100 

10,670 

First  specimen. 
Second  specimen. 

738 

48 

82.28 

14 

5.69 

7.47 

7.6 

1,         100 

U,&20 

709 

52 

89.26 

7 

4.72 

11.61 

10 

i;     «o 

10,900 

721 

69 

8L22 

19 

2.78 

7.60 

10 

l,Ti:.i)00 

10,060 

First  specimen. 
Second  specimen. 

722 

59 

29.71 

19 

2.69 

7.7f. 

10 

l,n:i-;f)00 

9,490 

DOUGLAS    FIR   AND   WHITE   OAK    WOODS. 

White  Oak  Wood. 

details  of  transverse  tests. 

No.  724. 
Marks,  I. 
Length,  12  feet. 
Breadth,  3".  20. 
Deijth,  11".03. 

Weight,  137  pounds.     Weight  per  cubic  foot,  46.60  pounds. 
Bate  of  gromh,  16  rings  per  inch. 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loads. 

Deflec- 

tlODB. 

SncceaslTe 
deflec- 

tlODB. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  BtreflB 

PoufuU. 
600 
1.000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 

11,000 
12,000 
18,000 
14,000 
16,000 
28,800 

Pounds, 

0. 

.064 
.096 
.160 
.222 
.284 
.846 
.409 
.477 
.6#4 
.612 

.686 
.767 
.846 
.988 
1.082 

MCht 

0. 
.034 
.062 
.064 
.062 
.062 
.061 
.064 
.068 
.067 
.068 

.074 
.061 
.079 
.087 
.099 

Inch, 

Initial  load. 

E  (2,000-10,000)  »1,686.000  pounds 
per  square  inch. 

Ultimate  strength. 

.006 

.006 

.006 

.016 

.027 

.046 

11,010 

Fractured  on  the  tension  side  and  crushed  fibers  on  the  compression 
side  under  the  middle  shoe,  where  the  wood  was  indented  i''. 
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DOUGLAS    FIR   AND    WHITE    OAK    WOODS. 

No.  726. 


Marks,  XL 

Length,  12.01  feet. 

Breadth,  3".37. 

Dei)th,  10".90. 

Weight,  149  pounds.     Weight  per  cubic  foot,  48.64  pounds. 

Bate  of  growth,  9  rings  per  incn. 

I 
.O 


iO* 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflec- 
tion sets. 

Total. 

fiber  Btren 

per  square 

inch. 

Remarks. 

500 
1.000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11.000 
12,000 

18.000 
14,000 
15.000 
16.000 
27,600 

Ptmndt. 

0. 

.029 
.087 
.186 
.189 
.240 
.298 
.846 
.899 
.451 
.606 
.668 
.614 

.674 
.786 
.790 
.868 

0. 

.029 
.068 
.049 
.063 
.061 
.063 
.063 
.063 
.062 
.066 
.062 
.066 

.060 
.061 
.065 
.068 

/ncA. 

Initial  load.                                        i 

.002 

.004 

1 

.006 

.009 

.011 

.014 

E  (2.000-12.000)  al.  688, 000  poonda 

per  square  inch. 

.028 

12,410 

TTltiTniLte  Htrength,                             | 

Splintering  fracture  on  tension  side, 
of  tne  middle  bearing. 


Fibei's  crushed  in  the  vicinity 


DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 

No.  726. 

Marks,  III. 

Length,  12.01  feet. 

Breadth,  3".62. 

Depth,  8".  93. 

Weight,  126  pounds.     Weight  per  cubic  foot,  46.73  pounds. 

Rate  of  growth,  11  rings  per  inch. 
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I 


I 


TT 


J^JJ- 


TT 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loadfl. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarkh. 

Total. 

Maxim  Qxn 
fiber  Btren 

Pounds. 
600 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 

9,000 
10,000 
11,000 
12,000 
18,000 
19,700 

Pounds. 

Inches. 
0. 

.047 
.137 
.234 
.826 
.418 
.612 
.604 
.696 

.795 

.896 

1.004 

1.126 

1.242 

Inch. 
0. 

.047 
.090 
.097 
.092 
.092 
.094 
.092 
.092 

.099 
.100 
.109 
.122 
.116 

Inch. 

Initial  load. 

E   (2,000-8,000) -1,827,000   pounds 
per  square  inch. 

.001 

.004 

.006 

.011 

.020 

12,280 

Splintering  fi'acture  on  tension  side  of  beam, 
middle  bearing. 

H.  Doc.  335 ^35 


Slight  crushing  at 


546  DOUGLAS    FIR   AND    WHITE   OAK    WOODS. 

No.  727. 
Marks,  IV. 
Length,  12  feet. 
Breadth,  2".  53. 
Dei)th,  7'M5. 

Weight,  62  pounds.     Weight  per  cubic  foot,  41.15  pounds. 
Rate  of  growth,  12  rings  per  inch. 


1 


it^ 


TT 


3 


/O' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


I 


Applied  luadK. 


Total. 


I\mwlM. 

'20U 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 
4,200 
4,400 
4,600 
4.800 
5,000 
8,300 


Maximum 

fiber  stress  I 

per  square 

Inch. 


Pounds. 


11,550 


Deflec- 
tiuiis. 


Jjichcs. 
0. 

.065 
.128 
.190 
.254 
.564 
.878 

1.286 
1.311 
1.389 
1.468 
1.548 
1.655 


deflec-     I  "**?^^*°'* 


Inch. 
0. 

.065 
.063 
.062 
.064 
.310 
.314 

.358 
.075 
.078 
.079 
.080 
.107 


Inch. 


.001 
.002 
.006 


Remarkm. 


Initial  load. 


E  (1,000-3,000) --^1.497.000    pounds 
per  square  inch. 


Ultimate  strength. 


Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 


DOUGLAS  FIR   AND   WHITE   OAK   WOODS. 

No.  728. 

Marks,  V. 

Length,  11.98  feet. 

Breadth,  4".59. 

Depth,  ll'M8. 

Weight,  184  pounds.     Weight  per  cubic  foot,  43.08  pounds. 

Rate  of  growth,  11  rings  per  inch. 
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1 

.XL 

/ 

1  ..- 

'  ^Vi^ 

^ 

Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 

tiODB. 

Succefisiye 
deflec- 
Uons. 

Defiection 
sets. 

Remarlu. 

Total. 

Maximum 
fiber  Btreas 

Pounds. 
500 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

13,000 
14.000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
82,200 

Pounds. 

Inches. 
0. 

.023 
.074 
.124 
.173 
.221 
.272 
.821 
.870 
.419 
.469 
.618 
.668 

.615 
.665 
.723 
.783 
.832 
.891 
.951 
1.017 

Inch. 
0. 

.023 
.051 
.060 
.049 
.048 
.061 
.049 
.049 
.049 
.060 
.049 
.050 

.047 
.060 
.068 
.060 
.049 
.069 
.060 
.066 

Inch. 

Initial  load. 

E  (2.000-12,000)  =  1,394,000  pounds 
per  square  inch. 

Ultimate  strength. 

.001 

• 

.002 

.006 

.006 

.006 

.012 

.014 

.025 

10,110 

Splintering  fracture  on  the  tension  side. 


648  DOUOtAS   FIB  AND  WHITB   OAK   WOODS. 

No.  729. 

Marks,  VI. 

Length,  12  feet. 

Breadth,  3".39. 

Depth,  9".28. 

Weight,  110  pounds.     Weight  per  cubic  foot,  41.97  pounds. 

Bate  of  growth,  15  rings  per  inch. 


I 


'  ^«ia- 


^ 


/«' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadfl. 

Deflec- 
tions. 

Succeasive 
deflec- 
tions. 

Deflection 
sets. 

RemarlEs. 

Total. 

MaxlmtiiD 
fiber  streM 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 

5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
14,600 

Poundt. 

Inches. 
0. 

.061 
.179 
.299 
.419 

.688 
.668 
.778 
.901 
1.042 

Inch. 
0. 

.061 
.118 
.120 
.120 

.U9 
.116 
.120 
.128 
.141 

Inch. 

Initial  load. 

E  (2,00(M.000)»1,884.000  pounds 
per  square  inch. 

UlUmate  strengtli. 

.001 

.002 

.004 

.010 

9,010 

Splintering  fracture  on  the  tension  side. 


DOUGLAS    FIB   AND    WHITE    OAK    WOODS. 
No.  730. 

Marks,  VU. 

LeD^b,  9.01  feet. 

Breadth,  3".40. 

Depth,  11".01. 

Weight,  108  pounds.     Weight  per  cubic  foot,  46.12  pounds. 

Rate  of  growth,  8  rings  per  incn. 
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I 


■n— 


^^  ^-^ 


. ,. . 


6' 


^ 


Ends  supported  8  feet  apart.   ^  Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Deflec- 
tionn. 

deflec- 
tions. 

Deflection 
sets. 

RemarkR. 

Totel. 

fiber  streBs 

Fwmds. 
600 
1,000 
2,000 
8,000 
4,000 
5.000 
6,000 
7,000 
8.000 
9,000 
10,000 

11,000 
12.000 
18,000 
14,000 
23,400 

Founds. 

Inch. 
0. 

.024 
.068 
.112 
.154 
.199 
.244 
.290 
.885 
.879 
.424 

.470 
.517 
.567 
.617 

InOi. 
0. 

.024 
.044 
.044 
.042 
.045 
.045 
.046 
.045 
.044 
.045 

.046 
.047 
.050 
.050 

Inch. 

Initial  load. 

E  (2,000-10,000)  «1.140.000  pounds 
per  square  inch. 

Ultimate  strength. 

.001 

.008 

.006 

.009 

.015 

.020 

8,180 

Tension  fracture,  starting  at  a  knot. 
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DOUGLAS   FIR   AND   WHITE   OAK   WOODS. 

No.  731. 


Marks,  VIII. 

Length,  9  feet. 

Breadth,  3".46. 

Depth,  9'MO. 

Weight,  99  pounds.     Weight  per  cubic  foot,  50.31  pounds. 

Rate  of  growth,  15  rings  per  inch. 


IE5Z 


•/•' 


/' 


Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


AppUed  loads. 

SurceflsiTc 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

fiber  Btrefis 

per  square 

inch. 

Dcflcc- 
tion.s. 

Pounds. 
600 
1,000 
2,000 
3,000 
4.000 
6,000 
6.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

13,000 
14.000 
30,900 

Pounds. 

Ineh. 
0. 
.028 
.083 
.136 
.192 
.246 

Inch. 
0. 

.028 
.066 
.063 
.066 
.064 
.066 
.064 
.OM 
.064 
.067 
.068 
.068 

.060 
.061 

Inch. 

Initial  load. 

E  (2.000-12,000) -1,604.000  pounds 
per  square  inch. 

Ultimate  strength. 

.003 

.008 
.016" 

.301 
.366 
.409 
.463 
.620 
.578 
.636 

.696 
.767 

.013 

.018 

.026 

16,280 

1 

Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 


DOUGLAS   FIR   AND   WHITE   OAK    WOODS, 
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No.  732. 
Marks,  IX. 
Length,  9  feet. 
Breadth,  2".39. 
Depth,  6".97. 

Weight,  53.5  pounds.     Weight  per  cubic  foot,  51.39  pounds. 
Rate  of  growth,  15  rings  per  inch. 

I 


,Qr- 

,  f.  '^'.^ 

^*'  ^  u:  J  *- 

"^^ 

'^S, 

TT 

7\ 

/' 


Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflcc- 
tiouu. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

fiber  strew 

IierRqiiare 

inch. 

Fminda. 
500 
1,000 
2,000 
3.000 
4,000 

5,000 
6,000 
9,600 

Pounds. 

Inch, 
0. 

.077 
.228 
.386 
.549 

.723 
.927 

Inch. 
0. 

.077 
.151 
.158 
.163 

.174 
.2<M 

Inch. 

Initial  load. 

E  (2,000-1,000)  =1,758.000   pounds 
per  square  inch. 

Ultimate  strength. 

.007 

.017 

11,780 

Fractured  on  the  tension  side.     Fibers  crushed  near  middle  bearing. 

TABULATION  OF  TRANSVERSE  TESTS  OF  WHITE-OAK  WOOD. 


Dimensions. 

Modulus  of— 

No. 

Weight 

Rings 

of 

Marks. 

cubic 

per 

Elasticity, 

Rupture, 

test. 

foot. 

inch. 

Breadth. 

Depth. 

Span. 

per 
square 
inch. 

per 
square 
inch. 

Pounds. 

Inches. 

Inches. 

I^t. 

Pounds. 

Pound*. 

724 

I 

46.60 

16 

3.20 

11.03 

10 

1.636,000 

11,010 

725 

II 

48.64 

9 

3.37 

10.90 

10 

1,538,000 

12,410 

726 

III 

46.73 

11 

3.62 

8.98 

10 

1,827,000 

12,280 

727 

IV 

41.15 

12 

2.53 

7.15 

10 

1.497.000 

11,550 

728 

V 

43.08 

11 

4.59 

11.18 

10 

1,394,000 

10,110 

729 

VI 

41.97 

15 

3.39 

9.28 

10 

1,334,000 

9,010 

730 

VII 

46.12 

8 

3.40 

11.01 

8 

1,140,000 

8,180 

731 

VIII 

rjO.Sl 

15 

3.46 

9.10 

8 

1,604,000 

15,230 

732 

IX 

51.39 

15 

2.39 

6.97 

8 

1,758,000 

11,780 
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DOUGLAS   FIR    AND   WHITE    OAK    WOODS, 

Douglas  Fik  Wood, 
shearing  tests. 

^jecimen  ivith  one  shearing  plane. 


Face  A  lubricated. 


Specimens  with  the  same  shearing  area  were  taken  from  the  same 
stick  of  timber  and  numbered  1,  2, 3,  and  4  across  the  stick,  and  were 
side  by  side  in  the  timber. 

Rings  of  growth  about  45^  with  shearing  plane. 


No. 


Dlxnenslonn  of 
shearing  plane. 


Tiwhes. 
2.06 
2.06 
2.04 
2.06 

2.04 
2.04 
2.08 
2.  OB 

2.04 
2.01 
2.04 
2.08 

2.04 
2.06 
2.03 
2.03 

2.00 
2.04 
2.04 
2.04 


Inches. 
2.04 
2.04 
2.04 
2.05 

3.00 
3.00 
3.00 
8.00 

4.00 
4.00 
4.00 
4.00 

4.98 
4.98 
4.M 
5.00 

8.33 
6.00 
6.00 
6.00 


Area  of 

shearing 

plane. 


Stj.  inches. 
4.18 
4.20 
4.16 
4.22 

6.12 
6.12 
6.09 
6.09 

A.  16 
8.16 
8.16 
8.12 

10.16 
10.26 
10.13 
10.15 

16.66 
12.24 
12.24 
12.24 


Shearing  strength. 


Total. 


Pounds. 
1,750 
2,000 
1,700 
1,970 

3,220 
8,260 
8.100 
3,280 

8,960 
3,820 
3,910 
4,190 

6,400 
5,100 
5,600 
4,700 

8,100 
5,800 
6,000 
6,720 


Per 
square 
inch. 


Pounds. 
419 
476 
408 
467 

526 
631 
509 
539 

488 
46K 
479 
616 

630 
497 
543 
463 

486 
474 
490 
476 


Mean. 


Pounds. 


443 


621 


I 


Remarks. 


488 


533 


479 


DOUGLAS   FIB   AND   WHITE   OAK    W00D8. 
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Rings  of  growth  oerpendicular  to  shearing  plane. 
Specimens  marked  No.  1  were  nearer  the  heart  of  the  tree  than  those 
marked  No.  2. 


I 
No. 

1 
2 

1 
2 

Area  of 

shearing 

plane. 

Shearing  strength. 

Remarks. 

shearing  plane. 

Total. 

Per 
■qnare 
inch. 

Mean. 

Inehe$. 
2.00 
2.00 

2.00 
2.00 

Inehe9. 
4.00 
4.00 

4.10 
4.10 

8.00 
8.00 

8.20 
8.20 

Pwindt, 
8,600 
4;800 

8,600 
4,600 

Ponndt, 
488 
588 

439 
661 

PWMdB. 

488 

600 

Spedmens  wUh  two  shearing  planes. 


Shearing  plane. 


Steel  block. '  r 


Shearing  plane. 


.Steel  block. 


T         ! 

Faces  A  and  B  lubricated. 

Rings  of  growth  nearly  parallel  to  planes  of  shearing. 
Specimens  1  and  2  were  side  by  side  in  the  timber. 


No. 

Area  Of 

two 
planes. 

Shearing  strength. 

Remarks. 

Dimensions  of 
shearing  plane. 

Total. 

Per 
square 
inch. 

Mean. 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Tnchea. 
1.99 
2.01 

2.00 
2.01 

3.99 
3.99 

2.00 
2.01 

2.00 
2.01 

Inchet. 
2.01 
2.01 

8.00 
3.00 

2.00 
2.00 

5.00 
6.00 

6.02 
6.04 

Sq.inehet. 
8.00 
8.08 

12.00 
12.06 

15.96 
15.96 

20.00 
20.10 

24.08 
24.28 

Pound: 
2,800 
8,000 

4,700 
4,600 

5,860 
4,900 

S'52 
6,800 

7,660 
10,100 

Pounda. 
360 
871 

392 
381 

867 
307 

296 
318 

815 
416 

Pounda. 

Followed  rings  closely. 
Both  sides  yielded  at  once. 

361 

387 

337 

306 

366 

554  DOUGLAS  FIR  AND  WHITE   OAK   WOODS. 

SHEARING  TESTS  OP  DOUGLAS  FIB  WOOD  WITH  OBLIQUE   LOADS. 


Shearing  plane. 


No. 


DimensionB  of 


Area  of 


.bearing  phine.     "h«u1ng 


Inches. 

Inches. 

3.76 

11.00 

3.76 

8.00 

4.68 

7.90 

4.72 

12.96 

4.72 

22.60 

2,76 

7.40 

2.76 

10.00 

2,76 

17.84 

\ 


'.Ins, 
11.25 
30.00 
36,97 
61.12 
106.20 
20.36 

27.60 
49.06 


Direction  of  shear- 
ing plane  to 
rings  of  growth. 


45  decrees 

Parallel 

Perpendicular . . 

do 

do 

Nearly     perpen 
dicalar. 

do 

do 


applied 
at  angle 

wi£ 
shearing 
plane  of. 


30 
46 
46 
30 
16 
46 

30 
15 


Yielded 
along 
line. 


A-B.... 
A-B.... 
See  note 
A-B  .... 
A-B.... 
A-B.... 

A-B.... 
A-B.... 


Shearing  strength. 


Total. 


Pounds. 
68,900 
89,000 
39,200 
73,900 
76.600 
26,400 

85,400 
42,800 


Per 
square 
inch. 


Pounds. 
1.430 
1,900 
1,060 
1,209 
712 
1.297 

1,287 
872 


Note.— No.  3  sheared  on  area  4:".68X10".30=48.20  square  inches. 
Nos.  3,  4,  and  5  were  all  from  the  same  piece  of  timber. 


DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 
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Heat  conducHvUy  of  Hicks  of  Douglas  fir  wood,  charred  over  open  wood  fires,  and  stick 

exposed  to  low  temperaiure. 

Test  No.  3. 

Wood  fire  used.  Dimensions  of  stick,  10"  X 10"  X  4'.  A  hole  1"  in 
diameter  was  bored  to  a  depth  of  2  feet  in  one  end  of  this  stick. 
Observations  of  the  temperature  at  the  middle  of  the  stick  taken  with 
a  mercury  theimometer  with  its  bulb  at  the  bottom  of  the  1-inch  hole. 
Stick  turned  over  the  fire,  so  as  to  burn  all  sides  evenly. 


Time. 

Temper- 
ature. 

Remarks. 

HrB,min, 

0  0 
80 
46 

1  00 
1    30 
1    35 
1    40 
1    50 

1  56 

2  00 
2    05 
2    10 
2    15 
2    20 
2    25 
2    80 
2    86 
2    40 
2    46 
2    60 

2  55 

3  00 
3    06 
3    10 
8    15 
3    20 
3    25 
3    35 
3    40 
3    45 
8    50 

3  55 

4  00 

18 

17 

16 

17 

20 

22 

22.5 

27 

29 

80 

82 

85 

39 

44 

46 

61 

56 

59 

60 

64 

70 

73 

78 

82 

86 

89 

92 

96 

98 
100 
102 

96 

96 

Put  on  fire. 

Pitch  oozed  out  to  a  depth  of  V  helow  aides,  at  end  of  stick. 

Pitch  oozed  out  to  a  depth  of  2"  below  sides,  at  end  of  stick. 

Pitch  oozed  out  to  a  depth  of  4"  below  sides,  at  end  of  sUck. 
Taken  off  fire  and  quenched  with  water. 

Does  not  feel  warm  to  hand  on  outside. 

Maximum  temperature,  1  hour  20  minutes  after  taking  from  fire. 

Test  discontinued. 

Dimensions  after  charcoal  had  been  scraped  off,  i)''.3x6".2,  with 
rounded  corners. 
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Test  No.  4. 

Observations  taken  as  in  No.  3. 
Temperature  of  fire,  760^  C. 
Dimensions  of  stick,  10"XlO"X4'. 


Time. 

Temper- 
ature. 

Remarkfl. 

Htb.  Min. 

0  0 
16 
80 
45 

1  00 
1    16 
1    80 

1  45 

IS 

2  80 
2    46 
8    00 
8    SO 
4    00 
4    SO 
6    00 

18 

17.6 

18 

18 

20 

22 

27 

80 

40 

48 

00 

68 

68 

78 

82 

82 

80 

Put  on  Are 

Quenched  with  water  and  returned  to  fire. 

Do. 

Do. 

Do. 

Do. 
Taken  from  fire  and  quenched  with  water. 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  oflf,  7".4x7".2  at  one  end 
and  6''.5X6'\5  at  the  other,  with  rounded  corners. 

Test  No.  5. 

Observations  taken  as  in  No.  3. 
Dimensions  of  stick,  10"X10"X3'. 


Time. 

Temper- 
ature. 

Hr8.Min. 

o(7. 

0     0 

18 

15 

18 

SO 

18 

46 

20 

1    00 

20 

1    16 

20.6 

1    80 

26 

1    46 

81 

2    00 

87 

2    16 

44 

2    SO 

64 

2    45 

61 

3    00 

69 

8    16 

78 

Remarks. 


Put  on  fire. 


Taken  from  fire  and  quenched. 


Test  discontinued. 

Dimensions  after  charcoal  was  scraped  off,  6".7x6".9. 


DOUGLAS   FIE   AND   WHITE   OAK   WOODS. 

Test  No*  6. 

Observations  taken  as  in  No.  3. 
Dimensions  of  stick,  10"X10"X4'. 
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Time. 

Temper- 
ature. 

Remarks. 

Hn.  Min. 

oc. 

0     0 

16 

Put  oh  flre. 

16 

15.6 

ao 

16 

45 

16 

1    00 

16 

1    16 

18 

1  ao 

21 

1    45 

26 

2    00 

86 

2    16 

43 

2    30 
2    46 
S    00 

52 
82 

Taken  from  Are,  but  not  quenched. 

3    15 

89 

3    30 

96 

3    45 

108 

4    00 

104 

4    15 

104 

4    30 

105 

4    45 

105 

5    00 

106.6 

5    15 

106 

6    30 

106 

5    45 

106 

6    00 

107 

6    80 

106 

7    00 

104 

1 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  oflf,  6"  X  6".4,  with  rounded 
corners. 
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DOUGLAS   FIB   AND   WHITE   OAK    WOODS. 

Test  No.  7. 


Observations  taken  as  in  No.  3. 

Dimensions  of  stick,  10"X10"X4',  with  2"  hole  at  one  end. 


Time. 

Temper- 
ature. 

Remarks. 

J3r».J«ii. 

OC. 

0     0 

19 

Put  on  fire. 

16 

19 

30 

20 

45 

20 

1    00 

20.6 

1    15 

21 

1    80 

24 

1    45 

27 

2    00 

82 

2    15 

40 

2    90 

48 

Taken  from  fire  and  smothered  with  sand  and  aahee. 

2    45 

60 

8    00 

71 

• 

8    15 

90 

8    80 

96 

4    00 

105 

4    30 

107 

4    45 

109 

5    00 

107 

5    15 

107 

5    80 

105 

5    45 

104 

6    00 

101 

6    15 

99 

6    80 

96 

6    45 

95 

7    00 

92 

7    15 

89 

7    80 

86 

7    45 

84 

8    00 

82 

8    15 

79 

8    80 

77 

24    00 

24 

Temperature  of  17°  C.  on  outside. 

Dimensions  ^after  charcoal  had  been  scraped  off,  6".  3X5".  9,  with 
rounded  corners.  Fire  burned  down  1"  deeper  in  two  places  than 
these  dimensions  show. 


DOUGLAS   FIB    AND   WHITE   OAK    WOODB. 

Test  No.  8. 
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Dimensions  of  stick,  10"X  10"X4',  with  a  1"  hole  2  feet  long  bored 
in  one  end. 

Observations  taken  with  mercury  thermometer  with  bulb  not  in 
immediate  contact  with  the  wood,  as  in  former  tests. 


%'ti 


Thermometer  bulb. 


^4 


Time. 

Temper- 
ature. 

Remarks. 

Ht8,  Min. 

oc. 

18.5 

Temperature  before  putting  on  fire. 
Put  on  flre. 

.......... 

18.5 

15 

18.5 

80 

18.5 

45 

19 

1    00 

20 

Talcen  from  Are  and  nnothered. 

1    16 

22 

1    30 

25 

1    45 

27 

2    00 

30 

Put  on  flre  second  time. 

2    15 

88 

2    30 

43 

2    45 

46 

8    00 

48 

Taken  from  fire  and  smothered. 

3    15 

52 

3    30 

57 

3    45 

64 

4    00 

70 

Put  on  flre  third  time. 

4    15 

78 

4    80 

81 

4    45 

85 

5    00 

88 

Taken  from  fire  and  smothered. 

5    15 

97 

5    30 

102 

5    45 

103 

6    00 

105 

6    15 

105 

6    30 

105 

6    45 

104 

7    00 

104 

7    15 

108 

7    80 

103 

7    45 

101 

8    00 

99 

8    15 

96 

8    30 

97 

Test  discontinued. 


560 


DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 

Douglas  Fir  in  Cold  Storage. 


Size  of  stick,  10"xl0"x4',  with  1"  hole  2  feet  long  in  one  end. 
Taken  from  temperature  of  60^  F.  and  placed  in  cold  storage. 


Time. 

Date. 

Temper- 
ature of 
stick. 

Temper- 
ature of 
room. 

IHmein 

cold 
storage. 

1 
Remarks. 

8.46  a.m.. 
10.45  a.m.. 
12.00  m 

2.46 p.m  .. 

4.46  p.m.. 

8.46  a.  m  .. 

4.46  p.m.. 

1902. 

May  8 
....do... 
....do... 
....do... 
....do... 

May  9 
....do... 

OF. 
60 
60 
56 
41 
82.5 

4 

2 

OR 

-1.5 
-2.5 

Hours. 

0 

2 

8.25 

6 

8 
24 
82 

Stick  taken  from  cold  storage  at  a  temperature  of  zero  F.  at  12  m. 
May  14,  1902. 


Time. 

Date. 

Temper- 
ature of 
stick. 

Temper- 
ature of 
room. 

Time  in 
air  at 
68°  F. 

Remarks. 

2.00 p.m  .. 
3.00  p.m  .. 
4.0Op.m  .. 
8.00  a.m.. 
ll.OO  a.  m  . . 
4.0Op.m  .. 

1902. 
....do... 
....do... 

°F. 

°F. 
68 
68 
68 
68 
68 
68 

Hours. 
2 
8 
4 
20 
23 
28 

1 
1 

12.7 
18.5 
62.6 
64.4 
66.2 

1 

Compression  Tests  of  Douglas  Fir  Posts  turned  down  from 
IC'xlO"  Sticks  which  had  been  charred  over  a  Wood  Fire. 

Posts  had  a  1''  hole  in  the  center,  which  was  bored  in  order  to  take 
the  temperature  while  the  stick  was  charring.  The  area  of  this  hole 
is  deducted  in  computing  sectional  area. 


Marks 

on 
poeto. 

Length. 

Diame- 
ter. 

Sec- 
tional 
area. 

Ultimate  strength. 

Total. 

Per 
square 
inch. 

Inches. 
24 
24 
18 
24 
24 

Inches. 
4.97 
6.82 
5.40 
4.54 
4.40 

Square 
inches. 
18.61 
25.82 
22.12 
16.40 
14.42 

Pounds. 
188,500 
188,200 
148.200 
117. 100 
85,900 

Pounds. 
7.170 
7.100 
6,700 
7.600 
5.960 

douglas  fir  and  white  oak  woods. 
Douglas  Fir  Wood. 
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Exjpansion  crosswise  the  grain,  and  absorption  of  water  after  sub- 
mersion different  periods. 

Original  state  of  wood,  air  seasoned  8  years. 


■/^ 


V8' 


/A 


Ttl 


L_ 


Gauged   lengths,  5"  long  each,  established  along  the  length  of  the 
stick  10"  apart,  beginning  4"  from  one  end. 

Weight  of  stick  before  submerged,  90.75  pounds. 


Gauf^ed  lengthn. 


Tangential,  4 

Tangential,  14 

Tangential,  24 

Tangential,  34 

Tangential,  44 

RadUl,4 

Radial,  14 

Radial,  24 

Radial,  34 

Radial,  44 

H.  Doc.  335 


Weights,  pounds,  after  periodn  submerged. 


91.60 

93.25 

96.50 

98.00 

101.00 

108.75 

111.75 

Expi 

insion  af  t€ 

•r  periods  submerged  of— 

5  hours. 

2  days. 

5  days. 

2  weeks. 

4  greeks. 

2  months. 

3  months. 

Im-h. 

Inch. 

Inrh. 

Inch. 

Inch. 

Inch. 

Inch. 

.0066 

.0286 

.0529 

.1010 

.1367 

.1745 

.1888 

-.0008 

.0103 

.0253 

.0620 

.0909 

.1292 

.1457 

.0067 

.0236 

.0414 

.0787 

.1069 

.1430 

.1692 

-.0006 

.0152 

.0337 

.0772 

.1085 

.1479 

.1662 

.0062 

.0338 

.0628 

.1263 

.1637 

.2033 

.2192 

.0045 

.0114 

.0200 

.0429 

.0633 

.0892 

.0985 

.0008 

.0026 

.0063 

.0217 

.0363 

.0676 

.0683 

.0011 

.0044 

.0071 

.0204 

.0826 

.0533 

.0631 

.0015 

.0050 

.0088 

.0271 

.0433 

.0661 

.0741 

.0029 

.0126 

.0220 

.0509 

.0727 

.1000 

.1086 

-3t> 
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Tests  of  the  adhesion  of  plain  wrought-iron  bolts  with  pointed  ends, 
driven  into  Douglas  fir  and  white-oak  wood. 
Tested  in  manner  similar  to  that  of  lag  screws. 
Reinforcing  ^late  ''A"  used. 
Bolts  driven  into  timber  to  a  depth  corresponding:  to  the  longest  lag 


screws. 


BOLTS  DRIVEN  INTO  8"  X  8"  x  4'  STICKS  OF  DOUGLAS  FIR. 


Depth  of 

full-sized 

iron  in 

wood. 

Adhesive  resistance. 

Nominal 
diameter 
of  bolt. 

Actual 
diameter 
of  bolt. 

Resisting 
area. 

Diameter 

of  bored 

hole. 

Remarks. 

Total. 

Per  square 
incn. 

Inch. 

1 
1 

Inch. 
.99 
.99 

Inches. 
4.4 
4.4 

Sq.  in«. 
13.68 
13.68 

Inch. 

Founds. 
3,900 
6,700 

Pounds. 
285 
490 

1 

.87 
.87 

6.1 
6.1 

18.94 
13.94 

}' 

5,000 
6,800 

859 

488 

1 

.76 
.76 
.76 

6 
6 
6 

14.33 
14,83 
14.88 

A 

4,800 
4,200 
6,100 

843 
293 
426 

1 

1 

.65 
.65 
.65 

5.4 
6.4 
5.4 

11.03 
11.03 
11.03 

i; 

3,600 
6,800 
6,700 

826 
526 
607 

• 

.61 
.51 
.51 
.61 
.51 
.61 

3.6 
3.5 
3.6 
3.5 
3.6 
3.5 

6.61 
5.61 
5.61 
5.61 
5.61 
5.61 

1 

2,100 
2,900 
3,500 
3,600 
4,160 
4,100 

874 
617 
624 
643 
741 
714 

No  hole  bored. 

} 

.65 
.65 

5.4 
5.4 

11.03 
11.08 

k 

8,400 
7,200 

762 
653 

1 

.76 
.76 

6 
6 

14.33 
14.33 

k 

9.400 
8,600 

656 
600 

j 

.87 
.87 
.87 

5.1 
5.1 
5.1 

13.94 
13.94 
13.94 

I 

8,000 
9,700 
7,000 

574 
696 
502 

1 
1 

.99 
.99 

4.4 
4.4 

13.68 
13.68 

1' 

9,900 
7,500 

724 
548 

BOLTS  DRIVEN  INTO  11''  X  4"  x  4'  STICKS  OF  WHITE  OAK. 


4.4 
4.4 
4.4 

13.68 
13.68 
18.68 

5.1 
5.1 
6.1 
5.1 

13.94 
13.94 
13.94 
13.94 

6 
6 
6 
6 

14.38 
14.33 
14.33 
14.33 

5.4 
5.4 

5.4 
5.4 

11.03 
11.03 
11.03 
11.03 

3.5 
3.5 
8.5 

5.61 
5.61 
6.61 

1 

1' 

10,800 
14,300 
14,100 

789 
1,050 
1,030 

§ 

12,000 
13,200 
13,200 
6,200 

861 
947 
947 
373 

Split  slightly. 

11,800 
11,700 
6,400 

789 
816 
447 

Split  the  wood. 
Do. 

I 

12,300 
13,300 
13,200 

1,120 
1,210 
1,200 

6,400 
7,200 
7,400 

1.140 
1,280 
1,320 

H.  Doc.  335 37 
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Adhesion  of  lag  screws  in  yellow  pine  wood. 
Screws  driven  m  bored  holes,  perpendicular  to  the  j 


I  gram. 


Diameter— 

Adhesiye  resistance. 

Depth  in 
wood. 

Resisting 
area. 

Of  body. 

At  root  of 
thread. 

Bored 
hole. 

Total. 

Per  square 
inch. 

Remarks. 

Inch. 

Inch. 

Inch. 

Inches. 

Sq.  inches. 

Jhmnds. 

Pmndg. 

.76 

.63 

.626 

4.6 

10.60 

8,620 

813 

Pulled  off  head  of 
screw. 

.76 

.68 

.626 

4.6 

10.60 

7.890 

744 

Do. 

Slotlnla?  screws 

illed  with 

a  steel  key. 

.76 

.68 

.626 

4.6 

10.60 

8,200 

774 

Pulled  screw  out  of 
the  wood. 

.76 

.68 

.626 

6.626 

18.26 

10,800 

777 

- 

TENSILE  TESTS  OF  REGULATION  STEEL  NICKEL- 
PLATED  BIT 


A  MAGNOLIA  METAL  BIT. 


579 


Tenta  of  MetAlB,  1902. 


PHOTOGRAPH  SHOWING  DIRECTIONS  OF  APPLYING  LOADS. 


BITS. 

Bits, 
test  of  bteel  bit. 


581 


Part  tested. 

Diameter 
of  wire. 

Tensile 
strength. 

Remarks 

A 

Inch. 

.181 
.181 
.186 

.186 

Pounds. 
2,790 
1,920 
2,530 
2,610 
268 
254 
3,455 
3,640 

Rings  decidedly  distorted  at  700  to  800  pounds. 
Fractured  along  scarf  weld. 
Fractured  the  ring. 

Do. 
Fulled  curb  attachment  from  eye  in  bit. 

Do. 
Fractured  at  junction  of  mouthpiece  and  branch. 

Do. 

A 

B 

B 

c 

c r 

D 

a. 235 
a. 235 

D 

TEST  OF  MAGNOLIA  METAL  BIT. 


A 

.182 
.182 
.185 
.185 

1,864 

A 

1,456 

B 

1,656 

B 

2  215 

C 

218 

c 

246 

P 

a. 26 
a. 25 
a. 496 

2,740 
2,545 
8,200 

D 

Mouthpiece . 

Kings  decidedly  distorted  at  450  potdidB. 

Fractured  branch  of  the  bit. 

Fractured  eye,  carrying  ring. 

Pulled  curb  attachment  from  eye  in  bit. 
Do. 

Fractured  the  eye. 
Do. 

Appearance  of  fracture,  light  lemon  yellow,  uniform. 
Sectional  area,  minimum  diameter  of  mouthpiece, 
.193  square  inch.  Tensile  strength,  no  correction 
made  for  curved  shape,  42,490  pounds  per  square  inch. 


a  Diameter  of  metal. 


582  OABTBIDGE   AND   TARGET   CLOTH. 

• 

Cartridge  and  Target  Cloth. 

Test  No.  10453. 

cartridge  cloth. 

Five  samples  received:  Two  samples,  Nos.  1  and  8,  from  J.  Wana- 
maker.  Three  samples,  "  S.  C."  and  " F.  &  S.,"  from  Germany,  deliv- 
ered on  contract  at  New  York  Arsenal. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


Mulu. 

Direction  tested. 

Elotiga- 
tioulnS 
inches. 

Tensile 
strength. 

Remarks. 

No.l 

Filling 

Inches. 
1.10 
1.13 

.98 
.83 

Pounds. 

lao 

128 

145 
133 

Do 

do 

No.8 

do 

Do 

do 

Samples  2"  wide  by  3"  long  between  jaws  of  the  testing  machine. 


No.l... 

I>0. 


No.8... 
Do. 


8.  C... 

F.  ^8.. 

Do. 


Warp.., 
Filling. 

Warp... 
Filling  . 


Unknown  . 

do 

Warp 


153 
182 

173 
148 

177 
96 
80 


From  J.  Wanamaker. 
Do. 

Do. 
Do. 

From  Qermany. 
Do. 
Do. 


Test  No.  10455. 


TAKGET  CLOTH. 


Two  pieces  of  cloth  tested.  Two  samples  taken  from  warp  and  two 
from  filling  of  each  piece. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


Marks. 

Direction  tested. 

Elonga- 
tion in  8 
inches. 

Tensile 
strength. 

No.9 

Warp 

Incku. 
1.17 
1.06 
1.27 
1.23 

1.16 

1.09 

.96 

.88 

PoufuU. 
Ill 
114 
114 
118 

154 
161 
188 

lao 

Do.. 

...iTdo"....:.:::. 

Do 

Filling 

Do.      .                         .                  

dcT 

No.  10 

Warp 

Do 

...!Tdo. :....:...:. 

Do 

Filling 

Do 

do 

BLUE   PRINT   PAPER.  583 

Blub  Print  Paper. 
Samples  1"  wide  by  3"  long  between  the  jaws  of  the  testing  machine. 


No.  of 
sample. 

Thick- 
new. 

Tensile 
strength. 

Mean. 

Remarks. 

2 

Inch. 
.046 

Pounds. 
39.5 
45 
43 

27.5 

26 

27.5 

28.5 

28 

27.5 

25 

25.6 

26.5 

29 
29 
32 

Pounds. 

42.  b 

3 

.049 

27 

4        .052 

{ 

28 

5 

.053 

261 

6 

.037 

30 
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Description. 

Copper. 

Tin. 

Zinc. 

Lead. 

Anti- 
mony. 

Nickel. 

Brass  wire  from  Springfield  Ar- 
mory  

60.50 

39.60 

Backing  of  embossed  belt  buckle, 

40.00 

60.00 

White  metal  for  yacht  hand-rail 
stanchion 

48.44 

36.58 

14.82 

Torrey  antifriction  metal 

81.06 

19.00 

STEELS  FROM  SPRINGFIELD  ARMORY. 


Description. 

Marks. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

Copper. 

Receiver  steel 

Ml 
M2 
MS 
M4 

M6 

.305 

.308 

.316 

.308 

.360 

.305 

.120 

.470 

1.040 

1.02 

.820 

.954 

1.000 

.950 

.995 

.990 

1.083 

1.000 

1.020 

.990 

.830 

1.560 

.300 

.410 

.680 

.285 

.310 

.180 

.106 
.106 
.103 
.109 
.114 
.030 
.035 
.194 
.240 
.166 
.240 
.060 
.106 
.162 

.034 
.086 
.036 
.037 
.030 
.056 
.076 
.082 
.020 
.040 
.036 
.030 
.025 
.015 

.040 
.036 
.039 
.086 
.038 
.090 
.062 
.034 
.015 
.080 
.037 
.015 
.014 
.008 

Do 

Do 

Do 

Do 

Do 

Receiver  steel, old  stock. . 

"  Carpenter  " 

.110 

Bayonet  steel 

Do 1 

Do 1 

Do 

Do 

RiLssian  steel 

1 
2 

i 

MISCELLANEOUS  STEELS. 


Rimbase  of  hardened  16^' 
trunnion  hoop,  Water- 
vllet  Arsenal 

.580 
1.115 

.700 
.800 

.244 
.245 

.020 
.010 

.034 
.016 

.095 

Pressure-gauge     plug, 
Frankforu  Ar!>enal 
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pkivate  tests. 
Private  Tests. 


TESTS  MADE  FOR  PRIVATE  PARTIES  DURING  THE  FISCAL   YE^R 
ENDED  JUNE  SO,  1902, 


Date. 


Material. 


For  whom  tested. 


Name. 


City. 


State. 


1901. 
July    2 

S 
28 

Aug.    5 

8 
12 

15 
17 
28 
31 

Sept  8 
7 
12 

13 


24 
27 
28 
Oct.  11 
12 
16 

19 
24 
26 
29 

Nov.  4 
8 
13 

26 
27 
Dec.  4 
11 
19 
20 
23 


27 
$1 
1902. 
Jan.  6 
7 
11 

18 
22 
23 
27 
Feb.     7 

8 

10 
11 
13 
20 
21 


24 

Mar.    1 

6 

7 

11 


Steel  bars 

do 

do 

Steel  specimenB . . 
Steel  anchor  bolt. 

"Fibre" 

Rubber  belting... 
Gauges 


Belting  and  canvas. 

Brick 

Cast  iron , 

Shackles 

Concrete , 

....do 

Riveted  joint 

Harden^  blocks... 


Cast  iron , 

Spliced  belting... 

Sheaves 

Cast  iron , 

Paving  bricks . . . . 

Column 

Cast  iron 

Wire  rope 

Stone  slabs 

Cotton  belt 

Whiting 

Cast  iron 

Sandstone 

Cotton  fiber 

Rubber 

Crude  rubber 

Barrel  steel 

Steel  casting 

Cement 

Ubolt.... 

Cast  iron 

Hooks 

Wire  nails 

Cotton  duck,  etc  . 

Marble 

Bricks 


Steel.... 
Rubber. 
Bricks . . 


Wire  nails . 
Rubber.... 
Granite.... 


Shackles 

Push  bars 

Iron  bar 

Semi-steel  casting . 
Concrete 


Steel  specimens 

Steel  bars , 

....do 

Artificial  stone 

Rubber  shoe 

Cement  briquettes. 
Building  blocks... 
Stone 


Limestone.., 

Shackles 

Boilerplate., 
Steel  bars.... 
Steel  plates. . 


Boeton  Elevated  Railway  Co . . . 

Wetherell  Brothers 

New  England  Bolt  and  Nut  Co. . 

United  States  Projectile  Co 

New  England  Bolt  and  Nut  Co. . 

Laminar  Fibre  Co 

Revere  Rubber  Co 

American    Steam  Gauge  and 

Valve  Co. 

William  T.  Plnmmer 

New  England  Fire  Proofing  Co. 

Wm.  Allen  ASons 

Fletcher  A  Crowell  Co 

Wm.  Wirt  Clarke  &.  Sons 

do 

Edward  Kendall  &  Sons 

Chapman  Double  Ball  Shafting 

Bearing  Co. 

W^m.  Allen  4&  Sons 

Main  Belting  Co 

Boston  and  Lockport  Block  Co. 
Golding&Co 

D.  J.  Curtis  &  Son 

Lally  Patent  Column  Co 

Barbour-Stockwell  Co 

Carson  Trench  Machine  Co 

Daniel  Kilpatrick 

The  Carton  Belting  Co 

Hood  Rubber  Co 

John  Southern  Co 

Barclay  Bros 

American  Rubber  Tire  Co 

Hood  Rubber  Co 

....do 

Savage  Arms  Co 

Fiske  Brick  Co 

The  Alpena  Portland  Cement  Co 
Boston  and  Albany  Railroad  Co. 

Whittier  Machine  Co 

Boeton  and  Lockport  Block  Co. . 

J.  C.  Pearson  Co 

Catlin&Co 

Vermont  Marble  Co 

Washington   Hydraulic    Press 

Brick  Co. 

E.  D.  Leavitt 

Hood  Rubber  Co 

New  England  Brick  Co 


J.  C.  Pearson  Co , 

Hood  Rubber  Co , 

Milford  Pink  Granite  Construc- 
tion Co. 

Fletcher  &  Crowell  Co 

Boston  Transit  Commission 

New  England  Bolt  and  Nut  Co. 

Fiske  Brick  Co 

New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Savage  Arms  Co 

Boston  Elevated  Railway  Co 

Sullivan  Machinery  Co 

Murdock  Parlor  Grate  Co 

Hood  Rubber  Co , 

Fiske  &  Co , 

Pittsburg  Brick  and  Pipe  Co . . . 
New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Standard  Plaster  Co 

Fletcher  &  CroweU  Co , 

Wm.  Allen  &  Sons  Co 

Fore  River  Ship  and  Engine  Co 
New  England  Structural  Co 


Boston , 

do , 

do 

New  York 

Boston 

North  Cambridge. 

Chelsea , 

Jamaica  Plain.... 


Boeton 

do 

Worcester 

Portland 

Baltimore 

do 

Cambridgeport . 
Boston 


Worcester 

Boston 

do 

.....do 

Springfield 

Waltham 

Cambridgeport.. 

Boeton 

Morning  Sun.... 

Boston 

Watertown 

Boston 

Sinnamahoning . 

Boston 

Watertown 

....do 

Utica 

Boston 

Alpena 

Boeton 

....do 

....do 

....do 

....do 

Proctor 

Washington 


Cambridge . 
Watertown . 
Boston 


....do 

Watertown . 
Milford 


Portland.... 

Boston 

....do 

....do 

Bridg^wrt . 


UtIca 

Boston 

Claremont.. 

Boeton 

Watertown . 

Boston 

Pittsburg... 
Bridgeport . 


Buffalo.... 
Portland... 
Worcester. 

Qnincy 

Boeton  .... 


Mass. 

N.Y. 


Mass. 
Mass. 
Mast. 


Me. 
Md. 
Md. 


Mass. 
Mass. 


Iowa. 


Mass. 

Pa. 

Mass. 

Mass. 

MasB. 

N.Y. 

Mass. 

Mich. 


Maas. 
Maas. 

VL 
D.C. 


Mass. 
Mass. 

Me. 
Mass. 
Mass. 
Mass. 

Conn. 

N.Y. 
Mass. 

N.  fi. 
Mass. 
Mass. 
Mass. 

Kans. 
Conn. 

N.Y. 

Me. 

Mass. 

Mass. 

Mass. 
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Date. 

Material. 

For  whom  tesied. 

Name. 

City. 

State. 

1902. 
Mar.  17 
20 

24 

26 

28 

29 

Apr.    3 

9 

11 

15 

28 

May    2 

6 
7 

20 

22 

23 
24 

29 

June  3 
4 

21 
24 
30 

Cement 

Murdock  Parlor  Grate  Co 

Laconia  Car  Co.  Works 

Boston.     . 

Mass. 
Mass. 
Mass. 

Mass. 

Mass. 

Mass. 

Me. 

N.Y. 

N.Y. 

Mass. 

Mass. 

Me. 

Mass. 

N.Y. 

Conn. 

Me. 

Mass. 

Vt.        ' 
Me. 
Mass. 
Mass. 

Mass. 
Mass. 
Conn. 

N.Y. 

D.C. 

Mich. 

N.Y. 

Man. 

Me. 

Mass. 

Mass. 

N.Y. 

Mass. 

Mass. 

Me. 

Mass. 

Mass. 

Iron 

do 

Pipe  fittings 

The  Perfection  Cleanout  Spe- 

cialtv  Co. 
SheafT  &  Jaastad 

Haverhill 

Boston 

Cast  iron 

Hollow  bricks 

Manhole  covers 

Cast  Iron 

George  A.  Fuller  Co 

do 

City  of  Boston 

.  ...do 

Hyde  Windlass  Co 

Bath 

Steel  plate 

A  merican  Locomotive  Co 

Frank  A.  Hinds 

Schenectady 

Watertown 

Boston 

Concrete 

Rubber, belting,  etc.. 

Wrought  iron 

Cast  iron 

Boston  Woven  Hose  and  Rubber 

Co. 
Laconia  Car  Co.  Works 

do 

Hyde  Windlass  Co 

Bath 

do 

Whittier  Machine  Co 

Boston 

Steel  specimens 

do 

Remington  Arms  Co 

Illon 

Marlin  Firearms  Co. 

New  Haven 

Bath 

Cast  iron 

Bath  Iron  Works 

Rubber  spring 

Chain 

Boston  Woven  Hose  and  Rubber 

Co. 
International  Paper  Co 

Boston 

Bellows  Falls 

Portland 

Tumbuckles 

The  Thomas  Laughlin  Co 

Boston  Elevated  Railway  Co  . . . 
Fiske  Brick  Co 

Tie  rods 

Boston 

Cast-iron  lifting  fin- 
ger. 

Stay  bolt  iron 

Cotton  fleece 

do 

Houghton  &.  Richards 

do 

Hood  Rubber  Co 

Watertown 

Bridgeport 

Akron 

Concrete ., 

Litholite 

New  York,  New  Haven   and 

Hartford  Railroad  Co 
Uriah  Cummings 

Stone 

Edw.  W.  Serrell. 

Washington 

Calumet 

Sandstone 

Traverse  Bay  Red  Stone  Co 

The  Savage  Arms  Co 

Steel  specimen 

Coatea  nails 

Utica 

J.  C.  Pearson  Co 

Boston 

Cast  iron 

Bath  Iron  Works 

Bath 

Fabric 

Hood  Rubber  Co 

Watertown 

Boston 

Steel  rods  in  concrete. 
Rail  shoe  plates 

Lag  screw  expansion 

sleeve  nuts. 
Steel  rods  in  concrete, 

etc. 
Shackles 

Boston  Transit  Commission 

The  Weber  Railway  Joint  Man- 
ufacturing Co. 
Stannard  Manufacturing  Co. . . . 

Boston  Transit  Commission  .... 

Fletcher  &  Crowell  Co.. 

New  York 

Springfield 

Boston 

Portland 

Rubber  belting 

Nails 

Revere  Rubber  Co 

Chelsea 

J.  C.  Pearson  Co 

Boston 
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Gun  hoope,  hydrostatic  testa  of:  Paso- 

Remarks 107 

Tensile  specimen  tests 108 

General  results 108,109 

CJomparison  of  results 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop 110-113 

Unstreaked  hoop 113-117 

Photographs 119 

Gun  specimens: 

75-millimeter  mountain  guns — 

Body 13 

Breechblock 14 

Block  carrier 15 

Tabulation 15 

6-inch  R.  F.  guns — 

Tubes 19,20 

Jackets 21-23 

Hoop - 24 

Breechblock » .  25 

Tabulation * 25 

10-inch  steel  B.  L.  rifles — 

Tube 29 

Jackets 30,31 

Hoop 32 

Breechblock 33 

Tabulation 33 

12-inch  steel  B.  L.  rifles — 

Tubes 37,38 

Jackets 39-41 

Hoop 42 

Breechblock 43 

Tabulation 43 

16-inch  steel  B.  L.  rifle,  forging 47 

Helical  springs.     {See  Springs. ) 
Hooks: 

Buffer  bracket  for  10-inch  barbette  carriage 48 

Retraction  for  10-inch  barbette  carriage 48 

Hoops.     (See  Gun  hoops. ) 
Hydfrostatic  tests  of  gun  hoops: 

Remarks 107 

Tensile  specimen  tests 108 

General  results 108,109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop ; 108 

Details  of  tests — 

Streake<i  hoop 110-113 

Unstreaked  hoop.  ^ 113-117 

Photographs 119 

Ingots,  carbon  and  nickel  steel 199-244 

Initial  strains  in  16-inch  cast-iron  shot 103, 104 

Lag  screws,  adhesion  of,  in  wood. . . .- 565-575, 577 

Magnolia  metal  and  steel  bits 581 

M  ortar.     ( See  Cement. ) 
Mortar  carriaees: 

Recoil  cylinder,  fractured,  cast  steel 49 

Reenforcing  plate,  12-inch  mortar  carriage,  forged  steel 50 

Racer,  12-inch  mortar  carriage 64 

Helical  springs  for  10-inch  mortar  carriages 95-98 

Helical  springs  for  7-inch  mortar  carriages 93 

Old  helical  springs  from  7-inch  mortar  carriages 94 

Mortar  shell,  12-mch,  cast  iron,  compressive  movement  of  base  plug,  etc. . . .  101, 102 

New  York  and  Brooklyn  Bridge,  suspender  rods 247-256 

Nickel-steel  ingot: 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 202-204 

H.  Doc.  335 38 


592  INDEX. 

Gast  iron:  p^«- 

From  Watertown  Arsenal ,  chemical  analyses  and  tensile  tests 61-63 

Traversing  intermediate  bevel  gear 63 

Eacer  of  12-inch  mortar  carriage 64 

12.inch  mortar  shell 101,102 

16-inch  rifle  shot 103,104 

Water  pipe  from  city  of  Boston 64 

Shot  and  shell  from  Petersbui^  Iron  Works 63 

For  calibration  of  testing  machine  at  works  of  Robert  Poole  &  Son 

Ck)mpany 64 

Track  block 63,123-164 

Pig  irons 63 

Cement: 

4-inch  cubes  of  neat  cement,  different  brands,  compression  tests 369-381 

Retarded  sets,  compression  tests 381,382 

Cements  which  set  m  air  at  different  temperatures^ 

Compression  tests 383-415 

R^sum^  of  results 416-421 

Comparative  tests  on  cement  and  mortar  set  in  air  and  in  water- 
Compression  tests - 422-442 

Summary 443 

Material  set  m  air  or  in  water,  followed  by  different  periods  of  exposure 

under  reverse  conditions,  compression  tests 444-450 

Cement  and  mortar  after  heating- 
Remarks  451 

Loss  in  weight 452-457 

Compression  tests 458-466 

Cement  and  mortar  prisms — 

Compressive  elastic  properties , 467-505 

Tabulation 506,507 

Cement-mortar  cubes  from  U.  S.  Engineer  Corps,  compression  tests  ...         512 
Grouts — 

Remarks 508 

Compression  tests  * 509,510 

Peninsular  brand — 

Tensile  tests 511 

Compression  tests 51 1 

Fineness 511 

Specific  gravity 511 

Chem  ical  anal  y sis 512 

Cloth,  cartridge  and  taiiget 582 

Concrete: 

12-inch  cubes  from  Watertown  Arsenal 513 

12-inch  cubes  from  Boston  Elevated  Railway  Company 514 

Copper  cylinders  for  pressure  gauges 85,86 

Endurance  shafts: 

Endurance  tests 259-274 

Tabulation 275,276 

Metal  from  shafts,  tensile  tests — 

Solid  specimens 281-314 

Tabulation 315,316 

Annular  specimens 317-334 

Tabulation 335 

Chemical  analyses 277 

Extruded  brass  from  angle  bar 82 

Foiged  steel: 

Reenforcing  plate,  12-inch  mortar  carriage 50 

Track  block 123-164 

Glass,  transverse  tests 517 

Gun  carriages: 

Bronze  for 67 

Buffer  bracket  hook  for 48 

Helical  springs  for 89-92 

Piston  rods  for  (proof  stresses) -...  48 

Retraction  hook  for 48 

Wire  retraction  ropes  for  (proof  stresses) 48 
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Gun  hoope,  hydrostatic  testa  of:  ^^ge. 

Remarks 107 

Tensile  specimen  tests 108 

General  results 108,109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop 110-113 

Unstreaked  hoop 113-117 

Photographs 119 

Gun  specimens: 

75-millimeter  mountain  guns — 

Body 13 

Breechblock 14 

Block  carrier 15 

Tabulation 15 

6-inch  R.  F.  guns — 

Tubes 19,20 

Jackets 21-23 

Hoop 24 

Breechblock 25 

Tabulation ' 25 

10-inch  steel  B.  L.  rifles — 

Tube 29 

Jackets 30,31 

Hoop 32 

Breechblock 33 

Tabulation 33 

12-inch  steel  B.  L.  rifles — 

Tubes 37,38 

Jackets 39-41 

Hoop 42 

Breechblock 43 

Tabulation 43 

16-inch  steel  B.  L.  rifle,  forging 47 

Helical  springs.     {JSee  Springs. ) 
Hooks: 

Buffer  bracket  for  10-inch  barbette  carriage 48 

Retraction  for  10-inch  barbette  carriage 48 

Hoops.     (*Se;«  Gun  hoops.) 
Hydrostatic  tests  of  gun  hoops: 

Remarks 107 

Tensile  specimen  tests 108 

General  results 108,109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop. : 108 

Details  of  teste — 

Streaked  hoop 110-113 

Unstreaked  hoop - 113-117 

Photographs 119 

Inpjots,  carbon  and  nickel  steel 199-244 

Initial  strains  in  16-inch  cast-iron  shot 103, 104 

Lag  screws,  adhesion  of,  in  wood. 565-575, 577 

Magnolia  metal  and  steel  bits 581 

M  ortar.     ( See  Cement. ) 
Mortar  carriages: 

Recoil  cylinder,  fractured,  cast  steel 49 

Reenforcing  plate,  12-inch  mortar  carriage,  forged  steel 50 

Racer,  12-inch  mortar  carriage 64 

Helical  springs  for  10-inch  mortar  carriages 95-98 

Helical  springs  for  7-inch  mortar  carriages 93 

Old  helical  springs  from  7-inch  mortar  carriages 94 

Mortar  shell,  12-mch,  cast  iron,  compressive  movement  of  base  plug,  etc 101, 102 

New  York  and  Brooklyn  Bridge,  suspender  rods 247-256 

Nickel-steel  i ngot : 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 202-204 

H.  Doc.  335 38 
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